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EXECUTIVE  SUMMAKT 

The  purpose  of  the  air  monitoring  program  at  Rocky  Mountain  Arsenal  (RMA) 
was  to  define  the  nature  and  extent  of  airborne  contamination*  and  to 
support  the  other  Remedial  Investigations  (RI)>  Endangerment  Assessments 
(EA)i  and  Feasibility  Studies  (FS)  at  RMA*  One  year  of  onpost  baseline  air 
quality  data  was  collected*  Site-specific  data  was  compiled  for  use  in 
planning  remedial  actions* 

This  report  presents  a  brief  description  of  the  sampling  and  analysis 
program  including  references  to  the  Task  18  Technical  Plan,  and 
documentation  of  field  modifications  to  that  plan*  The  majority  of  this 
report  is  dedicated  to  the  assessment  of  the  airborne  contaminants  that  were 
monitored  at  RMA  from  spring  1986  to  fall  1987*  The  pollutants  that  were 
monitored  included  total  suspended  particulates  (TSP)>  particulates  less 
than  10  microns  in  size  (PM-10)>  asbestos,  volatile  and  semivolatile  organic 
compounds,  and  metals* 

In  general,  there  are  no  significant  sources  of  airborne  contaminants  at 
RMA*  Particulate  levels  are  below  Federal  guidelines  for  annual  average 
concentrations  of  TSP  and  PM-10  onpost  at  RMA*  Asbestos  was  non-detectable 
in  all  airborne  samples*  Volatile  organics,  semivolatile  organics,  and 
metals  were  collected  during  event  sampling  near  source  areas  such  as 
Basin  A  and  Basin  F*  The  levels  that  were  detected  were  comparable  to 
levels  detected  in  previous  investigations*  The  EA  will  evaluate  the 
significance  of  the  airborne  organics  and  metals* 

In  addition  to  collection  of  air  quality  data.  Task  18  activities  included 
evaluation  of  climatological  and  meteorological  data  collected  at  onpost 
meteorological  stations*  Supplemented  by  nearby,  long-term  data  collected 
at  Stapleteon  International  Airport,  the  general  atmospheric  tendancies  at 
RMA  were  defined*  As  is  common  to  the  rest  of  the  Denver  metropolitan  area, 
early  morning  inversions  are  usual*  Nearly  60  percent  of  the  year.  Denver 
experiences  stable  atmospheric  conditions  which  favor  air  pollution  events* 
The  majority  of  stable  conditions  are  observed  during  the  winter* 
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1.0  IMnODUCTIOH 

The  original  purpose  of  the  air  monitoring  program  at  Rocky  Mountain  Arsenal 
(RMA)  was  to  define  the  nature  and  extent  of  airborne  contamination!  and  to 
support  the  other  Remedial  Investigations  (Rl)i  Endangerment  sessments  (EA)i 
and  Feasibility  Studies  (FS)  at  RMA-  One  year  of  baseline  air  quality  data 
was  collected  onpost  for  use  in  comparison  of  air  quality  before i  during, 
and  after  remedial  actions.  Site-specific  air  quality  information  was  also 
compiled  for  use  in  planning  remedial  actions* 

This  section  contains  information  about  RMA,  a  description  of  the  nature  and 
extent  of  the  problem,  a  summary  of  the  investigation,  and  an  overview  of 
the  report.  The  remainder  of  the  report  describes  the  Environmental  Setting 
(Section  2*0);  the  Sampling  and  Analyses  Program  (Section  3*0);  the  Nature 
and  Extent  of  Contamination  (Section  A.O);  and,  the  Contamination  sessment 
(Section  5*0). 

RMA  occupies  over  17,000  acres  (27  square  miles)  northeast  of  Denver, 
Colorado  in  western  Adams  County  (Figure  1.1-1).  RMA  was  established  in 
19A2  and  was  used  for  the  manufacture  of  chemical  and  incendiary  munitions 
as  well  as  for  the  demilitarization  of  chemical  munitions.  Industrial 
chemicals  were  manufactured  at  RMA  from  1947  to  1982. 

During  the  period  from  1943  to  1950,  RMA  distilled  stocks  of  Levinstein 
mustard,  demilitarized  several  million  rounds  of  mustard-filled  shells,  and 
test-fired  mortar  rounds  filled  with  smoke  and  high  explosives.  During  this 
period  many  types  of  obsolete  World  War  II  ordnance  were  destroyed  by 
detonation  or  burning. 

In  1947,  portions  of  RMA  were  leased  to  Colorado  Fuel  and  Iron  Corporation 
(CFI)  and  Julius  Hyman  and  Company  (Hyman).  CFI  manufactured  chlorinated 
benzene  and  dlchlorodlphenyltrichloroethane  (DDT),  while  Hyman  produced  a 
variety  of  pesticides,  insecticides,  and  herbicides.  In  1949,  the  CFI  lease 
was  terminated,  and  the  property  which  had  been  under  lease  to  CFI  was 
leased  to  Hyman.  In  1951,  Shell  Chemical  Company  (Shell)  assumed  the  Hyman 
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Figure  1.1-1 

LOCATION  MAP  OF 

ROCKY  MOUNTAIN  ARSENAL 

SOURCE;  ESE,  1988 
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lease-  Shell  ceased  manufacturing  in  1982  and  its  lease  expired  In  1987- 
Construction  of  facilities  for  the  production  of  Sarin  (CB)  nerve  agent 
began  In  1950  and  was  completed  In  1953-  Manufacture  of  CB  was  continued 
until  1957  and  GB  munitions  filling  operations  continued  until  late  1969- 

Basin  Ai  located  In  a  natural  depression  within  Section  36i  was  the  original 
disposal  area  for  waters  and  waste  waters  resulting  from  all  RMA  and 
Industrial  operations  (Figure  1.1-2)-  In  1952,  the  Impoundment  dike  was 
raised  5  feet  (ft)  to  handle  additional  waste  generated  by  the  CB  plant- 
During  the  period  from  19A3  to  1956,  Basin  A  was  the  primary  receptor  of 
liquid  waste-  Overflows  went  through  the  open  drainage  to  Basin  B,  a 
natural  low  area,  Basin  C,  constructed  In  1953,  and  Basins  D  and  E,  which 
were  constructed  In  1943-  Basin  F  was  constructed  In  1956  to  contain  all 
waste  waters  from  the  basins-  Transfer  of  liquids  to  Basin  F  was  completed 
by  1958- 

Ouring  the  period  from  1965  to  1969,  demilitarization  of  phosgene  and 
cyanogen  chloride  munitions  was  performed  at  RMA-  Disposal  of  mustard 
munitions  occurred  when  582,363  gallons  (gal)  were  demilitarized  as  of 
February  1974-  Demilitarization  of  21,114  CB  munitions  was  performed  from 
1973  to  1976  (Meilto  and  Moloney,  1978,  RIC#83235R02) - 

Disposal  practices  at  RMA  have  Included  routine  discharge  of  Industrial 
waste  effluent  to  unllned  evaporation  basins  and  burial  of  solid  wastes  at 
various  locations-  In  general,  these  disposal  practices  were  poorly 
documented-  Unintentional  spills  of  raw  materials,  process  Intermediates, 
and  final  products  have  occurred  within  the  manufacturing  complexes  at  RMA- 
Many  of  these  compounds  are  mobile  In  surface  and  ground  waters  as  well  as 
In  alr- 


1-2-1  CONTAMINANT  SOURCES 


Potential  sources  of  airborne  contaminants  within  the  boundaries  of  RMA  have 
been  Identified  and  are  shown  in  Figure  1-1-2-  Previous  air  monitoring 
studies  conducted  at  RMA  and  current  remedial  Investigations  Indicate  that 
potential  sources  of  airborne  emissions  exist  from  the  South  Plants  area. 
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Figure  1.1-2 

RMA  SITE  PLAN  AND  MAJOR  SUSPECTED 
CONTAMINANT  SOURCE  AREAS 

SOURCE:  ESE,  1988 
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through  Sections  36  and  26 >  to  Basin  F>  Because  production  and 
demilitarization  activities  have  ceasedt  there  are  no  longer  discrete  or 
point  sources  of  emissions  at  RMA*  Rather*  the  sources  shovm  In  Figure  1-1-2 
are  large  areas  of  fugitive  sources  whose  emissions  are  a  function  of 
atmospheric  conditions*  surface  cover*  and  the  physical  state  of  the 
contaminants • 

Based  upon  historical  records  of  disposal  activities  and  chemical  spills* 
the  following  general  areas  are  suspected  of  being  the  major  sources  of 
fugitive  airborne  emissions  at  RMA: 

o  South  Plants  -  Volatile  and  semlvolatlle  organic  compounds  (VOC 
and  SVOC)*  and  asbestos; 

o  Basin  A  -  SVOCs*  metals*  and  particulates;  and 

o  Basin  F  -  VOCs*  SVOCs*  metals*  and  particulates- 

There  are  other  minor  sources  suspected  of  contributing  to  airborne  levels 
of  the  contaminants  listed  above-  The  following  sections  describe  both 
major  and  minor  sources- 


The  South  Plants  area  was  used  by  CFI*  Hyman*  Shell*  and  the  U-S-  Army  from 
the  early  19A0's  to  the  early  l^'SO’s  for  chemical  production-  These 
chemicals  Included  pesticides*  herbicides*  Insecticides*  and  chemical 
warfare  agents-  Although  production  has  ceased  at  the  South  Plants’ 
facilities*  contaminants  have  been  observed  In  ground  water  near  the  South 
Plants  and*  under  certain  conditions*  airborne  organic  contaminants  are 
odlferous-  There  are*  however*  no  open  basins  of  waste  In  the  South  Plants - 
Surface  soils  which  contain  contaminated  materials  In  the  South  Plants  may 
contribute  to  airborne  pollution  during  dry*  windy  condltlons- 

In  addition  to  being  a  potential  source  of  VOC  and  SVOC  emissions*  the  South 
Plants  may  also  be  a  source  of  asbestos  contamination-  The  facilities  In 
the  South  Plants  were  constructed  at  the  time  when  the  use  of  asbestos 
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Insulation  was  coonton  practice-  With  the  deterioration  of  the  buildings  In 
the  South  Plants «  asbestos  fibers  nay  be  released  fron  these  buildings- 

1-2-1-2  Baaio-A 

Basin  A  Is  located  In  Section  36  and  was  the  original  disposal  area  for  all 
of  the  waste  from  the  South  Plants  activities-  When  the  North  Plants  came 
on-line  I  wastes  from  that  operation  were  also  disposed  In  Basin  A-  The 
approximate  maximum  areal  extent  of  Basin  A  Is  shown  In  Figure  1-1-2- 

When  construction  of  Basin  F  was  completed  In  the  mld-1950's«  all  discharge 
of  waste  to  Basin  A  was  stopped-  Currently,  the  basin  Is  relatively  dry 
with  some  ponding  In  the  wetter  months  of  the  year,  mainly  In  the  summer 
after  heavy  rains-  During  the  winter  months,  the  basin  becomes  dry  and 
dusty-  Strong  winds  which  prevail  In  the  spring  can  create  dust  clouds  from 
Basin  A  because  of  the  lack  of  a  vegetative  cover-  Currently,  dust 
pallatlves  are  being  applied  to  the  dry,  exposed  areas  of  Basin  A-  No  odors 
have  been  noted  that  can  be  directly  attributed  to  Basin  A- 

A  wide  variety  of  organics,  Including  pesticides  and  agents,  were  Introduced 
to  Basin  A  since  1943-  Inorganic  metals  as  well  as  Inorganic  non-metals  are 
also  present-  The  near-surface  soil  contamination  Is  well  documented  In  the 
Contamination  sessment  Reports  (CAR)  for  Section  36-  Metals  concentrations 
have  been  noted  In  near-surface  soils  with  the  most  prevalent  metals  being 
arsenic  and  mercury-  Concentrations  for  these  metals  have  been  noted  as 
high  as  1,100  parts  per  million  (ppm)  for  arsenic  and  65  ppm  for  mercury, 
but,  In  general,  concentrations  averaged  less  than  20  ppm  for  arsenic  and 
0-2  ppm  for  mercury - 

The  other  near-surface  soil  contaminants  that  has  been  observed  In  Basin  A 
are  the  organochlorlne  pesticides,  such  as  aldrln,  dleldrln,  and  endrln- 
Maxlmum  concentrations  were  realized  as  high  as  700  ppm  with  average 
concentrations  at  approximately  10  ppm- 

1-2-1-3  Basin_Z 

Basin  F  is  a  93-acre,  asphalt-lined  surface  Impoundment  in  Section  26  with  a 
holding  capacity  of  245,090,000  gal-  The  basin  was  constructed  In  1956  to 
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hold  tha  Industrial  wastss  and  waatawaters  ganaratad  on  KMA*  A  12-lnch 
layar  of  soil  was  placad  ovar  tha  3/8-inch  thick  asphalt  llnar  to  protact  It 
from  erosion  and  degradation  due  to  sunlight. 

All  aqueous  waste  discharge  activities  Into  Basin  F  ceased  In  December  1981- 
Field  reconnaissance  conducted  In  June  1985  Indicated  the  existence  of  ttro 
separate  pools  of  liquid  In  Basin  F  covering  approximately  40  to  50  percent 
of  the  basin  bottom  for  an  estimated  total  liquid  volume  of  3  to  4  million 
gal.  A  noticeable  odor  emanates  from  the  basin.  This  odor  Is  strongest 
during  the  warmer  periods  of  the  year,  although  odors  are  noticeable  during 
cold  months.  The  portions  not  covered  by  liquid  are  soft  and  wet.  Dust 
emissions  from  the  basin  have  not  been  noted. 


The  disposal  history  of  Basin  F  has  been  well  documented  and>  therefore i  the 
types  of  contaminants  that  can  be  expected  are  similarly  documented. 

Numerous  studies  have  been  conducted  to  characterize  Basin  F  fluids.  The 
results  of  a  1978  study  (Asselln  and  Blldebrandt*  1978*  RIC#81324R09) 

Indicate  that  contaminants  contained  In  Basin  F  fluids  Include  but  are  not 
limited  to: 

p-Chlorophenylmethyl  sulfide  (CFMS) 
p-Chlorophenylmethyl  sulfoxide  (CPHSO) 
p>p-Dlchlorodlphenyldlchloroethylene  (DDE) 
Pesticides 
Phenols 


Alcohols 
Chloride 

Chlorinated  Organics 
DDT 

Dlcyclopentadlne  (DCPD) 

Dllsopropylmethyl  phosphonate  Phosphorous 
Fluoride  Sulfate 

Insecticides  Sulfone. 

Metals 


The  results  of  these  studies  also  Indicated  that  the  liquids  in  Basin  F  are 
relatively  homogeneous. 

A  study  performed  by  the  U.S.  Army  Engineer  Waterways  Experiment  Station 
(WES)  evaluated  the  contaminant  distribution  In  Basin  F  (Meyers  and 
Thompson,  1982,  RIC#82350R01) .  The  study  Included  development  of  sampling 
protocols  for  Basin  F  materials,  leach  testing,  and  chemical  analysis  of 
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nunerous  soil  corss  froa  ths  borings  constructed  sbibl>'w 
The  results  of  this  study  indicate  the  presence  of'-t^  ^  t. 
contaminants  in  soils: 


Acetophenone 

Aldrin 

Arsenic 

p-Chlorophenylmethylsulf one  (CPMSO2 ) 
CPMSO 

Dibroaochloropropane  (DBCP) 

Dieldrin 

Dimethylmethylphosphonate  (DMMP) 


/•  En;  I  i  '1 

■j  FI  oriue 
;  l£K  i^ln 
• .  Mp  "y 

liMet  n Is 

±>Aei !  achlorofethanp 


Itrachloroet hylene 


To! 


Dlthlane  »  *yl 

1 . 2 . 1 . A  Other  Contaptnant  Source  Areas 

In  addition  to  the  South  Plants  and  Basins  A  andtf  >  thk>i j  •  •  t  v  ; 

areas  within  RMA  which  could  potentially  contribute  to  airborne 
contaminants.  Within  Section  36  there  is  histocLeml  r  i  v.i-  c  of  pesticide 
pits,  munitions  testing  areas,  burn  sites,  settling  p  .  ..lies- 

These  areas  are  dry  and  may  be  a  source  of  SVOCs^t metals,  and  ot  "e.' 
particulates.  Between  Section  36  and  Basin  F  aratSec £  Ions  ?6  and  35  In 
which  Basins  B.  C.  D,  and  E  are  located.  These  bssies  arc  cc'rently  dry 
although  at  one  time  liquids  from  Basin  A  flowed  <into  them-  Hccajoe  of 
this,  the  suspected  contaminants  in  Basins  B>  C>:Dt  and  C  wo, jd  be  slo-Mar 
to  those  found  in  Basin  A-  No  odors  have  been  noited  dfrom  these  Uaslns. 
however,  particulates  may  become  airborne  during^righ  wind  event.j 

Sections  3.  A.  5.  6.  11.  12.  19.  20.  27,  29.  30,  31,^ V  a:  J  ^ >  of  sMA 


contain  some  r  all  of  the  following;  munitions  limpaa-: 


■i  .  •'  I  ■■  :i  '  i  t  , 


disposal  pits,  spill  areas,  and  trenches.  Contaminants  'ri  i''  ti  c.  c  .source 
areas  may  include  VOCs.  pesticides,  herbicides.  andJinav,-  nu-. i ..i . .  No  odors 
have  been  directly  attributed  to  any  of  these  sources. 


1 . 3  gllMMARY  nF  PRFVTQnS  T^VRST  fCATlONS 

Observatlo-> .  .'f  airborne  contaminants  have  been  dbcume.nted  Ly  v-riou': 
agencies  and  personnel  at  RMA  since  the  1960's.  ^Studies  hav.i  been 
undertaken  as  response  actions  to  RMA  operations,  as  well  as  t.  pst.  I’iuh 
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background  levels  of  ambient  contaminants  at  RMA*  The  data  Indicate  that 
some  emissions  had  resulted  from  specific  operations  and  that  the 
contaminants  are  no  longer  being  emitted  to  the  atmosphere  since  operations 
ceased*  Examination  of  ambient  air  data  also  Indicates  that  dust  and  vapor 
emissions  from  known  fugitive  sources  within  RMA  contained  contaminants 
specific  to  the  source- 

The  U-S-  Environmental  Protection  Agency  (EPA)  has  established  National 
Ambient  Air  Quality  Standards  (NAAQS)  for  six  contaminants  referred  to  as 
’‘criteria  pollutants”-  The  six  pollutants  Include  total  suspended 
particulates  (TSP)f  leadt  sulfur  oxldes>  nitrogen  oxldesi  ozonei  and  carbon 
monoxide  (CO)-  All  of  these  pollutants  have  been  monitored  In  the  vicinity 
of  RMA  by  Federal  and  State  agencies •  but  only  a  few  were  monitored  within 
the  boundaries  of  RMA-  Regional  air  quality  of  criteria  pollutants  Is 
contained  In  annual  reports  published  by  the  State  of  Colorado  (CDHt  1987)- 

The  U-S-  Army  Environmental  Hygiene  Agency  (USAEHA)  has  been  the  primary 
agency  responsible  for  monitoring  airborne  contaminants  at  RMA-  In  addition 
to  monitoring  standard  criteria  pollutants*  USAEHA  monitored  toxic 
contaminants  Including  organics  and  metals-  Table  1-3-1  summarizes  air 
quality  sampling  programs  at  RMA- 

A  sample  of  the  blowing  dust  was  obtained  from  the  southern  part  of  Basin  A 
during  a  wind  storm  In  September  1977  (Witt,  1978)-  The  chemical  analysis 
of  this  sample  detected  a  number  of  contaminants  Including: 


Aldrln 

Dleldrln 

Arsenic 

Dlthlane 

CPMS 

Endrln 

CPMSO 

Mercury 

CPMSO2 

Isodr In- 

Copper 

The  Environmental  Division  Contamination  Migration  Branch  sampled  air  near 
Basin  F  In  November  1980  (Engineering  Laboratory,  1980)-  This  sample 
contained  dimethyl  acetamide,  DMMP,  toluene,  and  benzaldehyde  or  benzyl 
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Table  1.3-1.  Sunmary  of  Previous  Air  Quality  Monitoring  Programs  at  RMA. 


Contaminant 

Sampling  Event 

Responsib le 
Organization 

Reference 

TSP 

1969 

Moss,  E. 

Moss,  1969 

1969 

USAEHA 

USAEHA,  1970 

1980 

USAEHA 

USAEHA,  1981 

Historical 

CDH 

OlH,  1984  and  1985 

Lead,  Arsenic,  Cadmium, 1980 

USAEHA 

USAEHA,  1981 

Mercury,  Copper 

Lead 

Historical 

CDH 

CDH,  1984  and  1985 

Sulfur  oxides 

1969 

USAEHA 

USAEHA,  1970 

Historical 

CDH 

CDH,  1984  and  1985 

Nitrogen  oxides 

1969 

USAEHA 

USAEHA,  1970 

Historical 

CDH 

CDH,  1984  and  1985 

Ozone 

Historical 

CDH 

CDH,  1984  and  1985 

Carbon  monoxide 

Historical 

CDH 

CDH,  1984  and  1985 

Organic  Compounds 

1976 

RMA  0120  2864  FL 

1977 

RMA,  1978 

1978 

Hartman,  F. 

Hartman,  1979 

1980 

USAEHA 

USAEHA,  1980a 

1980 

NSTL 

CSC,  1980 

1980 

USAEHA 

USAEHA,  1980b 

1981 

USAEHA 

RMA,  1981 

1982 

USAEHA 

USAEHA,  1982 

Hydrochloric  Acid 

1969 

USAEHA 

USAEHA,  1970 

Source:  ESE,  1988. 
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alcohol*  In  January  of  1981  (U>S>  Aray,  1981) i  the  Envlronatntal  Division 
Contamination  Migration  Branch  again  sampled  the  air  near  Basin  F  and  found 
the  following  compounds: 


Benzene 

Chloroform 


Diethyl  ether 


Ethyl  benzene 


Hexane 
1-Hexanole 
m>  o>  p-Xylene 

NiN-Dlmethylaceto  acetamide  (NNDHA) 
Toluene- 


An  ambient  air  quality  assessment  was  conducted  southeast  of  Basin  F  In  1980 
(Hanson9  1981)-  ArsenlCf  mercury»  cadmium*  copper*  lead*  aldrln*  dleldrln* 
and  endrln  were  sampled  and  analyzed  from  April  to  September  1980-  During 
this  time  a.rsenlc*  mercury*  cadmium*  copper*  and  lead  were  detected  at  low 
levels-  From  September  through  December  1980  the  air  was  sampled  for 
pesticides-  Aldrln*  endrln*  and  dleldrln  were  detected- 

In  April  and  May  1982*  the  USAEHA  conducted  tests  for  monitoring  airborne 
emissions  from  Basin  F  liquids  (USAEHA,  1982*  RIC#83192R02) -  The  USAEHA 
evaluated  various  adsorption  media  for  collecting  Basin  F  emissions - 
Although  this  study  did  not  attempt  to  characterize  ambient  air  emissions 
near  the  basin*  the  findings  Indicated  the  potential  for  observing  the 
following  contaminants: 


Aldrln 

Bicyclo  C2,2*l]  heptadlene  (BCHD) 
Chloromethylsulfonyl  benzene  (CMSB) 
Dlchlorobenzonltrlle 
Dleldrln 

Dimethyl  disulfide  (DNDS) 


Methyl  thiocyanate 
NNDMA 

N-Methyl  acetamide 
2-Nltropropane - 


Following  these  tests,  the  USAEHA  sampled  the  airborne  emissions  from  Basin 
F  from  June  to  August  1982-  Evaluation  of  organic  vapor  emissions  from 
Basin  F  detected  the  following  compounds: 


Aldrln 

Benzene 


Endrln 

Hexachloroblcycloheptadlene  (HCBCH) 
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Olchlorobenzonltrlle  (DCBN) 

Dlpropyl  amine  (DPA) 

DHMP 
Dleldrln 

Based  upon  these  previous  Investigations  and  upon  current  RI  activities  at 
RMAi  this  air  monitoring  program  was  Initiated.  The  following  sections 
provide  a  description  of  the  objectives  of  the  program  and  an  overview  of 
the  Air  RI  Report. 

1.4  QgERVIEW  OF  CURRENT  IMYESTICATIQIIS 
1.4.1  INVESTIGATION  OBJECTIVES 

The  objective  of  the  air  monitoring  program  was  to  establish  a  litigation 
quality  data  base  on  the  ambient  air  quality  at  RHA.  The  program  was 
designed  to  support  RI/FS  activities  and»  to  a  lesser  extent,  support  future 
remedial  actions. 

Specifically,  air  quality  parameters  were  monitored  to  provide  data  In  order 
to  evaluate  If  there  were  Imminent  hazards  to  public  health  and  the 
environment,  or  If  these  contaminants  may  have  Implications  on  future 
remedial  actions.  Likewise,  meteorological  parameters  were  measured  and 
evaluated  as  to  their  Impact  on  air  quality  conditions  at  RMA.  Based  upon 
previous  air  quality  Investigations,  potential  contaminant  sources,  possible 
future  remedial  actions,  and  other  RI  tasks  at  RMA.  the  monitoring  program 
was  established  under  Task  18.  The  following  parameters  were  monitored: 
o  TSP; 

o  Particulate  Matter  less  than  10  microns  (PM-10); 
o  bestos; 

o  VOCs; 
o  SVOCs ;  and 

o  Metals. 

Rationale  for  monitoring  each  compound  Is  provided  here. 

ISE  —  The  metro-Denver  area  exceeds  the  Federal  annual  TSP  standard  and 
RMA  Is.  therefore.  In  an  area  of  non-attainment  for  TSP.  A  non-attainment 
designation  for  TSP  could  severely  restrict  possible  future  remedial  actions 


Bexachlorobutadlenc  (HCB) 
Isocyanomethane  (ICM) 
NNDMA. 
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that  aay  generate  particulates-  Rather  than  rely  on  regional  air  quality 
data  to  characterize  RMAi  site-specific  data  was  collected  to  verify  the  RMA 
status  relative  to  TSP>  and  to  show  that  there  may  be  available  TSP 
increment  for  possible  future  remedial  actions-  TSP  increment  refers  to  the 
difference  between  existing  TSP  air  quality  levels  and  the  applicable  TSP 
standard.  This  increment  is  the  amount  of  TSP  that  can  be  added  to  the 
atmosphere  without  violating  Federal  and  State  guidelines.  TSP  was 
monitored  on  a  routine  basis  consistent  with  Federal  Prevention  of 
Significant  Deterioration  (PSD)  guidelines- 

PM-10  —  Recently  I  the  EPA  passed  legislation  which  replaced  the  historical 
particulate  standards  for  TSP  with  a  standard  for  respirable  particulates 
less  than  10  microns  (urn)  in  size-  In  anticipation  of  this  legislation) 
PM-10  was  monitored  at  RMA  to  establish  PM-10  levels-  Verification  of 
onsite  PM-10  levels  is  important  for  planning  future  remedial  actions  in 
that)  similar  to  TSPi  only  an  available  increment  of  PM-10  contamination  may 
be  added  to  the  atmosphere.  In  order  to  define  that  increment)  the  existing 
PM-10  levels  must  be  known  at  RMA-  PM-10  was  sampled  on  a  routine  basis 
using  methodologies  that  were  consistent  with  anticipated  EPA  reference 
methods. 

Abestos  —  bestos  was  a  common  building  material  at  RMA.  Because  many  of 
the  industrial  facilities  in  the  South  Plants  area  utilized  asbestos  and  are 
no  longer  being  maintained)  the  probability  of  asbestos  becoming  airborne  is 
increasing.  In  order  to  assure  that  airborne  asbestos  levels  are  not  a 
hazard  to  human  health  or  that  asbestos  contamination  is  not  spreading 
across  the  RMA  environment)  asbestos  monitoring  was  initiated  on  a  routine 
basis-  bestos  monitoring  was  conducted  according  to  standard  industrial 
hygiene  methods - 

£QCa  —  Because  of  past  operations  at  RMA)  many  organic  products  and  by¬ 
products  have  been  released  into  the  RMA  environment •  Most  organics  are 
related  to  soil  and  water.  Some  organics )  however)  may  become  airborne  and 
pose  a  hazard  to  human  health  or  the  environment.  In  order  to  evaluate 
airborne  VOCs,  monitoring  during  event  conditions  was  conducted-  Experience 
has  shown  that  most  organics  have  minimal  potential  for  migration  even  under 
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the  most  favorable  aeteorologlcal  conditions-  Therefore>  ■eteorol''g:i  - ' 
guidelines  were  outlined  and  sampling  was  conducted  for  VOCs  near  -  * 

during  conditions  which  correlated  to  these  guidelines-  Basically 
conditions  were  favorable  for  VOC  sampling  during: 
o  Low  wind  speeds; 

o  Low  temperatures; 

o  Low  relative  hiunldlty; 

o  Dry  conditions  with  no  precipitation;  and 

o  Stable  atmospheric  conditions - 

Modified  EPA  reference  methods  were  used  to  sample  and  analyze  ft$r  ■  -r 
explained  In  Section  3-0-  These  methods  were  certified  according 
requirements  outlined  In  the  Task  18  Final  Technical  Plan  (ESE>  19: 

SSQd  —  SVOCs  are  prevalent  In  the  RMA  environment  and  Include  man;  of  tc. 
pesticides  and  Insecticides  at  KMA-  Because  previous  Investlgatloi 
Indicate  that  Basin  A  Is  a  major  source  of  SVOCs >  air  quality  monl  >i:.ug  ii./: 
SVOCs  was  conducted  In  the  vicinity  of  Basin  A-  Similar  to  VOC  sa>i,'Vng, 
SVOC  sampling  was  conducted  during  meteorological  conditions  favoi 
SVOCs  becoming  airborne-  The  events  were  characterized  as  follows 
o  Moderate  to  high  wind  speeds;  and 
o  Dry  conditions  with  no  preclpltatlon- 

Agaln,  modified  EPA  reference  methods  were  used  for  sampling  and  asii lysis  of 
SVOCs-  The  certification  procedures  are  contained  In  the  Technical  Plan 

UeLals  —  Basin  A  Is  the  most  notable  source  of  metals  which  may  become 
airborne  at  RMA  because  It  Is  dry  and  subject  to  wind  erosion-  Mmtiy  of  'ho 
metals  are  associated  with  particulates  and  become  airborne  durln|r  rc-y  f-igh 
wind  conditions  similar  to  SVOC  event  sampling-  Air  quality  sampling  fur 
metals  was  conducted  during  favorable  event  conditions  according  to  standard 
practices-  For  arsenic*  cadmium*  chromium*  copper*  lead*  and  zlnc<-  standard 
particulate  collection  techniques  were  followed-  Mercury  was  collected 
using  standard  reference  methods  for  collection  of  mercury  vapors-  All 
analyses  conformed  with  EPA  procedures  for  metals  analysis  and  the 
certification  procedures  are  contained  In  the  Technical  Plan- 
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1.4.2  OVERVIEW  OF  TBE  REPORT 

This  Air  R1  Report  Is  not  Inconsistent  with  the  EPA  requirements  for 
reporting!  as  found  In  "Guidelines  on  Remedial  Investigations  Under  CERCLA" 
(EPA>  1985).  Where  appropriate*  modifications  to  the  EPA  format  were  made 
to  accommodate  special  conditions  found  at  RMA. 

Section  2.0  contains  a  brief  description  of  the  air  quality  and 
climatological /meteorological  setting  at  RMA-  Section  3.0  describes  the 
sampling  and  analyses  program  with  frequent  reference  to  the  Task  18 
Technical  Plan.  Section  4.0  describes  the  nature  and  extent  of  potential 
air  contamination  at  RMA  Including  an  evaluation  of  all  air  quality  data  and 
a  description  of  meteorological  conditions  during  the  sampling  period. 
Finally.  Section  5.0  contains  an  assessment  of  the  contaminants  found  In  air 
at  RMAi  as  well  as  an  assessment  of  the  climatological  and  meteorological 
conditions  which  Impact  high  pollution  events-  The  appendices  to  this 
report  contain  the  air  quality  and  meteorological  data  collected  during 
Task  18. 
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2 . 0  ENVIRONHENTAL  SETTING 

This  section  provides  a  brief  description  of  the  envlronaental  setting  at 
RMA  and  in  the  near  vicinity  of  RMA.  Specifically)  regional  air  quality  Is 
described  and  the  historical  climatological  and  meteorological  conditions 
are  summarized. 

The  urban  environmental  setting  in  the  Denver  metropolitan  area  has 
experienced  deterioration  of  air  quality  over  recent  years.  The  region  is 
not  in  compliance  with  EPA  NAAQS  for  three  of  the  six  criteria  pollutants: 
TSP)  CO)  and  ozone.  If  the  region  does  not  attain  the  standards  for  these 
contaminants)  the  Denver  area  may  face  sanctions  and  reduced  Federal 
funding.  Historical  air  monitoring  data  for  north  Denver  show  that 
particulateS)  CO)  and  ozone  in  the  vicinity  of  RMA  are  above  the  NAAQS. 

The  general  climate  in  vicinity  of  RMA  can  be  characterized  by  low  relative 
humidity)  abundant  sunshine,  relatively  light  rainfall,  moderate  to  high 
wind  movement)  hot  summers,  cold  winters,  and  a  large  daily  range  in 
temperature.  Historical  meterological  data  collected  nearby  at  Stapleton 
International  Airport  (SIA)  indicates  precipitation  is  approximately  15 
inches  per  year*  The  thin  atmosphere  allows  greater  penetration  of  solar 
radiation.  The  climate  of  the  region  is  greatly  affected  by  the  orientation 
of  the  mountains  with  respect  to  general  air  movements.  The  prevailing 
winds  at  RMA  are  from  the  south  and  south-southwest,  paralleling  the 
foothills  west  of  Denver.  Wind  speeds  average  about  9  miles  per  hour  (mph) 
with  gusts  as  high  as  65  mph. 

The  following  sections  describe  the  environmental  setting  in  more  detail. 
Emphasis  is  placed  on  parameters  which  may  explain  contaminant  distributions 
at  RMA.  Also,  emphasis  is  placed  on  parameters  which  may  affect  future 
remedial  actions. 

2 . 1  AIR-QUALITY 

The  Denver  metropolitan  area  has  experienced  chronic  air  quality  problems  in 
recent  years.  During  stagnant  and/or  inversion  conditions,  partlcula*'e ,  CO, 
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and  ozone  concentrations  have  created  extremely  poor  air  quality.  This 
problem  has  generally  been  associated  with  motor  vehicles-  Air  pollution 
also  comes  from  a  wide  variety  of  Industrial  sources  located  In  the  Denver 
area.  Major  sources  Include  power  plants •  oil  refineries  and  transfer 
stations,  chemical  plants,  cement  plants,  and  various  agricultural 
operations.  In  addition  to  these  sources,  substantial  emissions  occur  as  a 
result  of  motor  vehicle  activity  and  wood  burning. 

The  majority  of  background  air  quality  Information  for  criteria  pollutants 
contained  In  this  section  Is  provided  by  the  Colorado  Department  of  Health 
Air  Pollution  Control  Division  (CDH-APCD) ,  Colorado  Air  Quality  Data  Report 
(CDH.  1984.  RIC#85346R01 :  1985;  and  1987).  Table  2-1-1  Is  a  summary  of  the 
air  quality  In  the  vicinity  of  RMA- 

2.1.1  PARTICULATE  MATTER 

Particulate  matter  In  the  atmosphere  Is  a  major  contributor  to  the 
visibility-related  problems  In  both  urban  and  rural  areas-  In  Denver,  this 
Is  commonly  known  as  the  "Brown  Cloud",  or  more  appropriately  the  "Denver 
Haze"  because  It  Is  frequently  not  brown  nor  Is  It  actually  a  cloud-  The 
sources  of  particulates  are  many:  blown  dust  and  sand  from  roadways, 
fields,  and  construction;  and  coal  dust,  fly  ash.  and  carbon  black  from 
various  combustion  sources  Including  automobile  exhaust-  Two  Increasing 
sources  of  particulates  that  could  have  a  major  Impact  on  haze  problems  are 
diesel  automobiles  and  wood  stoves.  These  sources  emit  potentially 
significant  amounts  of  elemental  and  organic  carbon  particles  that  play  a 
major  role  In  haze  phenomena  and  health  effects-  Particulates  that  range  In 
size  from  less  than  0-1  urn  to  50  um  are  called  TSP-  Particles  larger  than 
that  range  tend  to  settle  out  of  the  air. 

Primary  standards  define  levels  of  air  quality  which  the  EPA  has  determined 
necessary  to  protect  the  public  health.  National  secondary  standards  define 
levels  of  air  quality  which  the  EPA  judges  are  necessary  to  protect  the 
public  welfare  from  any  known  or  anticipated  adverse  effects  of  a  pollutant. 
Until  recently,  the  primary  Federal  standards  for  particulate  matter  was  for 
TSP.  Independent  of  particle  size-  The  long-term  standard  was  an  annual 
geometric  mean  not  to  exceed  75  micrograms  of  particulates  per  cubic  meter 
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of  air  (ug/B^)<  The  short-term  standard  was  a  2A-hour  average  of  260  ug/a^ 
not  to  be  exceeded  more  than  once  per  year*  The  24-hour  secondary  TSP 
standard  was  150  ug/m^i  not  to  be  exceeded  more  than  once  per  year  and  the 
annual  secondary  standard  was  60  ug/m^. 

The  majority  of  man-made  particulates  are  in  the  0*1-  to  10-um  diameter 
range*  EPA  has  revised  the  particulate  standards  to  account  for  the  deeper 
Inhalabillty  of  smaller  particles*  The  new  rule  was  passed  July  li  1987, 
and  went  into  effect  July  31,  1987*  This  standard  applies  to  particles 
10  urn  or  less  In  diameter*  The  annual  standard  for  PM-10  is  50  ug/m^  and 
the  24-hour  primary  standard  Is  150  ug/m^*  The  rule  establishes  secondary 
24-hour  and  annual  standards  that  are  identical  In  level  and  form  to  the 
primary  standard*  The  new  PM-10  standards  replace  the  TSP  standards* 

Historical  data  from  1974  to  1984  for  Denver  in  the  vicinity  of  RMA  show  an 
average  TSP  value  of  97  ug/m^,  and  studies  done  by  the  Army  In  1969  at  the 
boundary  of  KMA  show  a  maximum  24-hour  value  of  274  ug/m^  and  geometric 
means  ranging  from  24  to  72  ug/m^  (USAEHA,  1969,  RIC#85184R02) *  This 
Indicates  that  there  are  sources  of  TSP  in  the  vicinity  of  RMA  and  that  the 
NAAQS  for  TSP  Is  exceeded  near  RMA*  Except  for  the  PM-10  monitoring 
conducted  during  this  Investigation,  there  are  no  historical  PM-10  data  in 
the  vicinity  of  RMA* 

2*1*2  CARBON  MONOXIDE 

Urban  atmospheres  contain  a  significant  amount  of  CO  which  Is  produced 
primarily  by  motor  vehicles*  In  Denver,  75  percent  of  the  CO  emissions  in 
1987  were  estimated  to  be  from  vehicular  sources*  The  remainder  originated 
from  other  combustion  sources  such  as  heating,  incineration,  and  power 
generation* 

Dally  concentration  peaks  of  CO  coincide  with  morning  and  evening  rush 
hours.  Indicating  that  motor  vehicle  emissions  are  the  major  source  of  CO* 
The  worst  CO  problems  are  found  when  large  numbers  of  slow  moving  cars 
congregate,  such  as  during  traffic  jams*  CO  can  temporarily  accumulate  to 
harmful  levels,  especially  In  calm  weather  during  autumn  and  winter,  when 
automobile  emissions  and  fuel  combustion  for  space  heating  reach  their  peak* 
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CO  problems  are  worse  In  winter  due  to  motor  vehi--^  .  s  -1;^’ i'  ' 

efficiently!  Increased  combustion  for  space  heaei.-U,<  r;"(i  -t:'  i  !i  >  :  1  : 
layers  developing  near  the  ground*  trapping  the-  p>  2 1,  t,!,:!.';  ;r  wir  l  r 

A  relatively  new  source  of  CO  has  been  Introduced  into  urbanized  areas  in 
Colorado  In  recent  years*  The  wide-spread  use  »f' wood  for  hoire  heading  in 
air  tight  stoves  could  contribute  up  to  16  percent  of  1  .ta/  urban  CO 
concentrations  according  to  present  calculatlods  (CDR,  1^8/) 

There  are  two  current  standards  for  CO-  They  are.  9  p  aged  over  a 

period  of  8  hoursi  and  35  ppm  averaged  over  a  l-tfc  r  ;  .  - :  "’has;  Icvelr 

are  not  to  be  exceeded  more  than  once  per  year- 

The  overall  trend  for  CO  around  Denver  In  1986  was  well  au-r-vu  1  10  8- hour 
average  concentration  standard-  Historical  data  f-o’-t  I  also  s  '>w 

similar  trends-  North  Denver  Is  classified  as  non.-?, ■  CO  .'u 

the  NAAQS  for  CO  Is  routinely  exceeded.  CO  has  not  been  moiOf^ieU  iW.A. 
However  I  a  special  study  site  for  CO  in  Adams  Cour.  '  ts  been  established  by 
CDH-AFCD  during  the  winter  of  1986  to  1987-  Study  1  nits  isdicjie  that  the 
8-hour  CO  standard  would  be  violated  at  this  location- 

2.1.3  OZONE 

Denver's  extremely  poor  air  quality  Is  generally  blamed  on  CO  and  o;'or>e)  a 
highly  reactive  form  of  oxygen.  Ozone  Is  not  emitted  directly  fioiu  a  sour' 
as  are  other  pollutants*  but  forms  as  a  secondarja: ooll'  i ant .  Precursors  of 
ozone  are  certain  reactive  hydrocarbons  and  nltro^fon  oxlc'cs  which  cue ni c.illy 
react  In  sunlight  to  form  ozone-  The  reactive  hyd  eratb'Mi  i-v--  ctc!i  ^  1  ^n 
automobile  exhaust*  from  gasoline  and  oil  storage..-- .  vi  aii.  '.-,  ani  >  c  n; 
Industrial  use  of  paint  solvents*  degreasing  agent  ;  jirc.. 

solvents*  Incompletely  burned  coal  or  wood*  and  mBriy  ui  I-sl  f;ourc.--!s- 
Vegetatlon  also  give  off  some  reactive  hydrocarboaus ,  for  example*  terpene 
from  pine  trees-  Nitrogen  oxides  are  emitted  by  s.^urces  when  nitrogen  In 
the  air  combines  with  oxygen  during  high  temperature  combustion. 
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Although  ozone  production  Is  a  year-round  phenomenon >  the  highest  ozone 
levels  generally  occur  during  the  susaier  season.  Strong  sunlight  and 
stagnant  meteorological  conditions  can  cause  reactive  pollutants  to  reamln 
In  an  area  for  several  days- 

In  1979 1  the  ozone  standard  was  changed  to  a  statistical  form-  A 
calculation  Is  used  that  accounts  for  missing  days  of  data>  maximum 
monitored  values •  and  previous  data  In  estimating  total  yearly  violations. 
The  3-year  average  of  these  yearly  estimates  Is  the  expected  number  of 
violations.  The  standard  Is  attained  ** — when  the  expected  number  of  days 
per  calendar  year  with  a  maximum  hourly  average  concentrations  above  0.12 
ppm  Is  equal  to  or  less  than  one**  (CDH>  1984t  RIC#85346R01) .  The  ozone 
standard  Is  currently  being  stv  .ed  to  change  the  primary  standard  to  a 
concentration  In  the  range  of  0.08  to  0.14  ppm. 

North  Denver  has  been  classified  as  non-attainment  for  ozone  because  this 
area  has  not  complied  with  the  NAAQS.  However,  a  trend  of  decreasing 
numbers  of  ozone  violation  days  during  1975  to  1986  has  been  noted  In  the 
north  Denver  area.  This  may  be  attributed  to  pollution  control  strategies 
being  Implemented.  Ozone  has  not  been  monitored  at  RMA. 

2.1.4  NITROGEN  OXIDES 

Nitrogen  In  the  air  combines  with  oxygen  during  high  temperature  combustion 
producing  oxides  of  nitrogen.  Host  of  the  nitrogen  oxides  emitted  are 
nitric  oxide.  Nitrogen  dioxide  Is  formed  generally  from  the  oxidation  of 
the  more  commonly  emitted  nitric  oxide.  Nitrogen  dioxide  Is  the  predecessor 
of  gaseous  nitric  acid  and  nitrate  aerosols.  The  relationship  between 
nitrogen  oxides  and  resulting  ambient  nitrogen  dioxide,  nitric  acid,  and 
nitrate  aerosol  concentrations  Is  neither  direct  nor  constant.  About  48 
^.ercisnt  of  the  emissions  of  nitrogen  oxides  in  the  Denver  area  come  from 
large  combustion  sources  such  as  power  plants.  37  percent  from  motor 
vehicles.  11  percent  from  space  heating,  and  4  percent  from  aircraft.  The 
current  standard  for  nitrogen  dioxide  Is  an  annual  arithmetic  mean  value  not 
to  exceed  0.053  ppm. 
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No  violations  of  the  nitrogen  dioxide  standard  have  been  recorded  In 
Colorado  since  1977.  Data  from  1969  Amy  monitoring  stations  show  a  maximum 
24-hour  value  of  0.075  ppm  at  the  southern  boundary  of  RMA  In  1969  (USAEHA> 
1969i  RIC#85184R02) .  The  annual  average  for  nitrogen  dioxide  at  RMA  Is 
expected  to  be  much  less  than  this  24-hour  maximum  value  because  there  are 
no  major  combustion  sources  at  RMA.  The  annual  NAAQS  Is  not  expected  to  be 
exceeded  at  RMA. 

2.1.5  SULFUR  OXIDES 

Sulfur  dioxide  Is  considered  to  be  one  of  the  major  pollution  problems  on  a 
worldwide  basis-  It  Is  emitted  mainly  from  stationary  sources  that  burn 
fossil  fuels  such  as  coal  and  oil.  There  are  two  existing  primary  NAAQS  for 
sulfur  dioxide.  The  first  Is  an  annual  arithmetic  average  of  0.03  ppm.  The 
second  Is  a  24-hour  average  standard  where  concentrations  are  not  to  exceed 
0.14  ppm  more  than  once  per  year.  The  current  secondary  NAAQS  for  sulfur 
dioxide  Is  a  3-hour  average  concentration  of  0.5  ppm  not  to  be  exceeded  more 
than  once  per  year. 

Historical  sulfur  dioxide  data  for  the  Denver  area  shows  that  sulfur  dioxide 
has  not  been  a  problem  and  no  standards  have  been  exceeded.  Background  data 
from  the  Army's  air  monitoring  In  1969  show  0-32  ppm  of  sulfur  dioxide  as  a 
maximum  24-hour  value  which  was  measured  on  the  northern  boundary  when  the 
wind  was  blowing  In  a  northeastern  direction  (USAEHA>  1969,  RIC#85184R02) . 
Because  most  sulfur  dioxide  values  were  less  than  detection  limits  at  all 
stations,  the  Army  reported  geometric  means  of  less  than  detection  limits  at 
each  of  the  nine  stations.  Currently  there  are  no  significant  sources  of 
sulfur  dioxide  at  RMA. 

2.1.6  LEAD 

Airborne  metals  exist  primarily  as  particulate  matter  In  the  Inhalable  size 
range  and  may  cause  adverse  health  effects  when  Inhaled.  One  of  these 
metals  Is  lead  which  exists  In  the  atmosphere  and  Is  predominately  produced 
by  vehicles  that  burn  leaded  gasoline.  Lead  Is  the  only  metal  which  Is  a 
criteria  pollutant  according  to  EPA.  The  current  standard  for  lead  Is  a 
3-month  average  concentration  not  to  exceed  1-5  ug/m^. 


2-7 


FINIPT .  20 .  t 

8/5/M 


Sine*  1979 1  there  have  been  no  violations  of  the  lead  standard  In  the  Denver 
area*  Historical  data  for  lead  in  the  vicinity  of  RMA  indicates 
concentrations  of  0*5  to  1*0  ug/m^t  but  a  significant  decline  has  been 
realized  in  the  last  5  years  with  the  introduction  of  lead-free  gasoline* 

The  Army  monitored  lead  concentrations  at  the  boundary  of  RMA  and  at  the 
interior  of  the  site  in  1980*  The  annual  geometric  average  concentrations 
raiged  from  0*13  to  0*26  ug/m^  (USAEHA.  1981,  RIC#81293R04) . 

2*:  CLIMATOLOGY  AND  METEOROLOGY 

RM/  is  located  at  the  western  edge  of  the  plains  of  Colorado  and  near  the 
fo< thills  of  the  mountains*  The  area  is  generally  classified  as  mid¬ 
latitude  and  semi-arid*  Tables  2*2-1  through  2*2-4  are  a  summary  of 
cl: matological  and  meteorological  data  in  the  RMA  vicinity.  Data  were 
collected  at  SIA,  which  is  adjacent  to  RMA.  Because  of  the  close  proximity 
am  relatively  uniform  topography  between  SIA  and  RMA,  the  climatological 
am  meteorological  conditions  are  expected  to  be  approximately  the  same 
between  two  sites* 

The  climate  of  this  area  has  characteristic  features  of  low  relative 
hutldity,  abundant  sunshine,  relatively  light  rainfall,  moderate  to  high 
wild  movement,  and  a  large  daily  range  in  temperature*  As  shown  in 
Tal le  2*2-1,  the  mean  maximum  temperatures  range  from  43  degrees  Fahrenheit 
(^I )  in  January  to  88*’F  in  July*  The  mean  minimum  temperatures  are  16°F  in 
Jai  uary  and  59^F  in  July*  On  the  average,  the  mean  annual  maximum  and 
mil  imum  temperatures  may  vary  by  28^F* 

Occasionally,  a  meterological  phenomenon,  known  as  the  Chinook  winds, 
descends  along  the  eastern  slope  of  the  State  from  the  southwest.  These 
wilds  bring  large  and  sudden  temperature  rises,  as  much  as  25°  to  35°F 
wii  hin  a  few  hours*  Chincxik  winds  greatly  moderate  average  winter 
tet peratures  in  the  RMA  vicinity. 

As  a  result  of  Colorado's  distance  from  major  sources  of  moisture,  such  as 
the  Pacific  Ocean  and  the  Gulf  of  Mexico,  precipitation  is  relatively  light 
in  lower  elevations*  Storms  originating  in  the  Pacific  and  moving  eastward 
lose  much  of  their  moisture  as  they  pass  over  mountain  ranges  in  western 
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CoJorado*  Eastern  areas  of  the  state  receive  snail  amounts  of  precipitation 
frtoi  these  storms*  Storms  moving  from  the  north  usually  carry  little 
moisture*  The  frequency  of  such  storms  increases  during  the  fall  and  winter 
moithsi  and  decreases  rapidly  in  the  spring*  Warmi  moist  air  from  the  south 
reaches  the  KMA  vicinity  most  frequently  in  the  spring*  Frequent  showers 
anc  thunderstorms  continue  well  into  the  summer*  In  the  suomer  months > 
wilds  from  the  southwest  can  bring  hot,  dry  air  into  the  area  for  a  short 
dui  at  ion* 

Precipitation  in  the  RMA  vicinity  is  approximately  15  inches  per  year  with 
api roximately  half  of  the  precipitation  falling  between  April  and  July,  as 
shewn  in  Table  2*2-2*  Snow  and  sleet  usually  occur  from  September  to  May 
wii h  the  heaviest  snowfall  in  March  and  possible  accumulations  as  late  as 
Juie*  Thunderstorms  occur  frequently  in  the  region,  particularly  during  the 
spi ing  and  summer.  They  may  be  severe  and  are  generally  accompanied  by 
he£ vy  showers,  severe  gusty  winds,  frequent  thunder  and  lightning,  and 
occasional  hail*  There  are  approximately  93  days  per  year  with  a  cloud 
co\er  of  30  percent  of  less* 

The  prevailing  winds  at  RMA  are  from  the  south  and  south-southwest, 
patalleling  the  orientation  of  the  foothills  west  of  Denver*  Wind  speeds 
average  about  9  mph  annually  (Table  2*2-3  and  Figure  2*2-1)*  Occasional 
wilds  are  also  out  of  the  north-northwest,  north,  and  east*  The  windy 
moi ths  are  March  and  April,  with  gusts  as  high  as  65  mph*  These  months  come 
imsediately  after  the  driest  months  of  the  year  (November  through  February) 
anc  have  the  highest  potential  for  dust  storms* 

Eai ly  morning  inversions  over  the  Denver  metropolitan  area  are  common,  but 
they  rarely  persist  through  the  day*  During  inversion  episodes,  the 
atnosphere  is  stable*  This  prevents  mixing  and  causes  accumulation  of 
po]lutants*  Nearly  60  percent  of  the  year,  Denver  experiences  stable 
atiospherlc  conditions  which  favor  air  pollution  events*  The  majority  of 
stable  or  stagnant  conditions  are  observed  during  the  winter* 

Anc  ther  factor  which  contributes  to  high  air  pollution  in  Denver  is  the 
daily  bach  and  forth  motion  of  air  along  the  Front  Range*  The  metropolitan 
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area  la  In  the  South  Platte  River  basin  with  decreasing  elevation  towards 
the  northeast.  Coldi  heavy  air  drains  toward  the  northeast  at  night  and 
during  early  morning  hours-  As  the  atmosphere  warms  during  the  afternoon* 
the  flow  reverses  sharply.  Much  of  the  air  that  had  traversed  the  city 
earlier*  going  downslope  as  clean  air*  reenters  Denver  as  polluted  air  going 
upslope  to  the  south- 

Because  Denver  Is  at  a  high  altitude*  the  atmosphere  Is  thin  which  allows 
greater  penetration  of  solar  radiation.  The  ultraviolet  light  can  Interact 
with  airborne  contaminants.  Chemical  reactions  Initiated  by  photr>chemlcal 
processes  Increase  Denver's  smog  problem*  particularly  the  conversion  of 
nitrogen  oxides  and  hydrocarbons  Into  ozone. 

Table  2.2-A  summarizes  other  meteorological  and  climatological  conditions 
near  RMA.  The  data  presents  the  number  of  days  that  certain  conditions  are 
normally  observed. 
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3-0  SAMPLING  AMS  ANALYSES  PBOCBAM 

The  procedures  for  collection  and  analyses  of  air  samples  are  described  In 
detail  In  the  Task  18  Final  Technical  Plan  (ESEi  1987).  The  methods  for 
co] lection  of  meteorological  data  are  also  contained  In  the  Technical  Plan. 
Thjs  section  provides  a  brief  overview  of  the  sampling  and  analyses  program 
with  emphasis  on  actual  field  procedures  that  were  utilized  versus  the 
procedures  contained  In  the  Technical  Plan.  Appendix  A  contains  a  list  of 
spoclflc  deviations  of  field  activities  as  compared  to  the  planned  approach 
In  the  Technical  Plan. 

3.]  AIR_ QUALITY 
3 . ] . 1  SAMPLING  TECHNIQUES 

Alt  samples  were  collected  from  permanent  and  mobile  air  quality  stations  on 
RMA>  Figure  3.1-1  shows  the  locations  of  the  permanent  stations  on  the 
pet Imeter  of  RMA  and  near  Basins  A  and  F.  the  South  Plants,  the  North 
Plants,  and  the  Rail  Classification  Yard.  Portable  air  quality  stations 
wete  also  used  and  their  locations  were  dependent  on  hlgh-event  conditions 
fo] lowing  criteria  set  In  the  Technical  Plan-  All  stations.  Including 
pot  table  locations,  were  documented  and  surveyed  by  a  registered  surveyor. 
Table  3.1-1  contains  a  description  of  the  surveyed  locations  of  the 
monitoring  stations. 

Al]  but  four  of  the  12  permanent  Air  Quality  (AQ)  stations  were  located  in 
the  original  sites  designated  by  the  Technical  Plan.  Initially.  AQ4.  AQ5. 
AQ5.  and  AQIO  required  portable  propane  generators  for  power  supply. 

Hovever.  frequent  generator  equipment  failure  resulted  In  missed  sampling 
events  at  these  sites.  AQ5  and  AQ6  were  relocated  to  nearby  sites  where 
llte  electricity  was  available  and  sampling  was  continued.  Generator 
failures  were  realized  at  stations  AQ4  and  AQIO  on  a  continuing  basis,  and 
lire  electricity  could  not  be  supplied  from  the  surrounding  areas. 

Therefore,  sampling  efforts  were  discontinued  at  AQ4  and  AQIO. 

The  sampling  strategy  outlined  In  the  Technical  Plan  was  utilized  In  the 
co] lection  of  baseline  and  event  data  (Table  3.1-2).  The  baseline  6-day 
saipllng  schedule  set  forth  by  the  CDH-APCD  Is  shown  In  the  Technical  Plan. 
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Figure  3.1-1 

AIR  QUALITY  MONITORING  STATIONS 
ROCKY  MOUNTAIN  ARSENAL 


Scale  in  Miles 


Prepared  for: 

U.S.  Army  Program  Manager’s  Office 
For  Rocky  Mountain  Arsenal 


SOURCE:  ESE,  1988 


Aberdeen  Proving  Ground,  Maryland 
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Table  3.1-1.  Surveyed  Locations  of  Monitoring  Stations 


Station 

CoordioAles _ 

Northing  Easting 

Elevation 

(ft) 

Permanent 

Air  Quality  Monitoring  Stations 

AQl 

177,395.46 

2,176,628.86 

5,209.34 

AQ2 

190,950.25 

2,173.808.13 

5,131.03 

AQ3 

195,895.65 

2,185,671.67 

5,141.14 

AQ4 

180,536.12 

2,196,630.92 

5,299.22 

AQ5 

171,280.04 

2,189,092.21 

5,296.40 

AQ6 

176,895.50 

2,182,651.67 

5,264.72 

AQ7 

178,246.45 

2,174,165.98 

5,196.10 

AQ8 

180,741.57 

2,184,793.38 

5,263.93 

AQ9 

184,704.84 

2,185,543.99 

5,252.25 

AQ9x 

184,704.84 

2,185,543.99 

5,252.25 

AQIO 

187,562.45 

2,179,454.03 

5,188.95 

AQll 

190,718.88 

2,180,794.30 

5,185.55 

AQ12 

190,620.16 

2,186.724.88 

5,186.02 

Mobile  Air  Quality  Monitoring 

Stations 

BFl 

189,611.67 

2,181,398.92 

5,207.50 

BF2 

189,770.74 

2,181,325.76 

5,209.70 

BF3 

190,014.13 

2,181,166.36 

5,208.07 

BF4 

190,103.30 

2,181,098.48 

5,206.58 

BF5 

190,512.45 

2,180,665.55 

5,195.94 

BF6 

190,655.54 

2,180,730.70 

5,188.93 

BF7 

190,685.77 

2,180,011.87 

5,199.17 

BF8 

190,653.06 

2,179,805.06 

5,195.02 

BF9 

190,402.77 

2,179,435.18 

5,199.09 

BFIO 

190,030.36 

2,179,333.40 

5,198.70 

BFll 

189,208.73 

2,179,575.15 

5,201.94 

BF12 

188,650.81 

2,179,867.62 

5,206.24 

BF13 

188,193.89 

2,180,107.41 

5,206.67 

BF14 

188,190.17 

2,180,337.69 

5,208.10 

BF15 

188,100.96 

2,182,480.07 

5,207.80 

BF16 

188,214.18 

2,181,513.66 

5,210.89 

BAl 

180,543.74 

2,186,214.94 

5,261.51 

BA2 

180,823.51 

2,187,046.11 

5.254.42 

BA3 

180,832.16 

2,184,806.72 

5,261.99 

BA4 

184,650.36 

2,185,621.89 

5,247.46 

BAS 

184,714.07 

2,185,421.58 

5,249.02 

Meteorological  Monitoring  Stations 

M-1 

191, 026. 29 

2,182,433.75 

5,197.24 

M-2 

190,523.44 

2,186,253.75 

5,193.52 

M-3 

180,733.70 

2,187,493.06 

5,262.83 

Source:  ITECH,  1986-87. 
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Table  3.1-2.  Air  Quality  Sampling  Frequencies 


•w  u 
o  «  < 
w 

>4  t-4 

t)  a 

*i  I  « 

jS  ta  a 

« 


cn  ^  flo 

00  S  .» 


oc 

e  M 
c 

|4  .H 
O  .-I 
CM  44  O. 

f-t  .H  S 

O'  c  S 

a  O  ca 

*  00  S 

m  w 

•>  «  0) 

*  .O  .-4  CL 

<M  .M 

&  •  JD  m 

ti  9  c 

O'  e  o 

^  ..4  . 

44  U  M 
JC  «  C 
00  u  « 
•.4  O  > 
td  w  S 


h  «  e 

3  0  0) 

o  o  > 

Ox  .-I  0) 


h  44 

•  O  O  B 

irt  44  0)  0) 

•H  a  > 

.  e  0) 

^  O  a 

0  e  00 

«  O  C 

cn  0)  *r4  ..4 
1.4  44  ..4 
^  *14  a 

-4  .3  o  B 
O'  o  o  a 
'<  B  a 


t4  44 

•>  O  *4  c 

irt  44  a  a 
•H  a  > 
>  e  a 
.«  o  a 
B  e  00 

•  Op 

cn  a  .H  *w 

l-l  44  (.4 

•  •H  a  3. 
-4  ^  u  B 
O'  o  o  S 

a!  B  a 


|4 

»4 

3 

a 

O 

6 

SB 

SB 

1 

1 

.a- 

C4 

C4 

>4 

»4 

»4 

2 

3 

3 

o 

5 

O 

OB 

V 

SB 

1 

1 

1 

00 

OO 

»4 

3 

i 

u 

9 

Ki 

O 

o 

2 

n 

1 

1 

o 

sa 

<4- 

0.^ 

OO 

CM 

CM 

►>  a 

5 

O  a 

a 

•fi  » 


44 

44 

44 

e 

e 

3 

a 

a 

a 

> 

> 

(d 

u 

M 

o  ^ 

P4  ^  o 

<3  I  7i  O 

£  .2  > 

04  *5 


3-4 


mobile  monitoring 
locations  per 
sampling  event. 


m  I  lUJ  I JJ I M III  iiiilipppTCiqp 

c.aii4>iSB/ra»T.  s 

M/05/8t 


Eve  at  sampling  was  conductad  only  under  preferable  sampling  conditions 
coTslstent  with  criteria  set  forth  In  the  Technical  Plan.  The  sampling 
coidltlons  for  each  event  are  documented  on  the  data  summary  tables  found  in 
Sec  tlon  4.0. 

The  sampling  techniques  used  In  the  collection  of  particulate  and  toxic 
all  borne  contaminants  were  based  on  reference  methods  proposed  in  the 
Technical  Plan.  However i  a  modification  was  made  to  the  VOC  sampling  train. 
The  train  was  not  placed  In  a  ventilated  housing  unit  due  to  Insufficient 
pover  for  the  air  Intake  fan.  The  results  of  sampling  were  not  considered 
to  be  affected  by  this  modification. 

3.]. 2  ANALYTICAL  PROCEDURES 

The  sample  analysis  program  was  based  upon  recognized  reference  methods  as 
gl\en  In  the  Technical  Plan.  Table  3.1-3  lists  the  parameters  and  their 
respective  chemical  analyses.  Methods  for  the  analysis  of  metals,  VOCs,  and 
SVCCs  were  certified  by  the  Program  Manager’s  Office  (PMO)-  RMA/USATHAMA. 
Apiendlx  C  of  the  Technical  Plan  contains  certification  procedures.  The 
anc lysis  of  TSP,  PM-10,  and  asbestos  followed  standard  EPA  and  National 
Institute  of  Occupational  Health  and  Safety  (NIOSH)  analytical  methods  which 
die  not  require  certification. 

TSI  and  PM-10  concentrations  were  determined  by  pre-  and  post-sample 
weighing  of  filters  and  correlating  net  sample  weights  with  the  volume  of 
all  sampled.  All  concentrations  of  particulates  were  corrected  to  standard 
tenperature  and  pressure.  Particulate  data  was  reported  In  geometric 
average  annual  and  monthly  concentrations  for  each  site. 

Asl estos  samples  were  analyzed  according  to  NIOSH  Method  7400  using  "A" 
Cointlng  Rules.  The  method  uses  phase  contrast  microscopy  (PCM)  to  count 
fliers  greater  than  5  urn  In  length  and  having  a  length  to  width  aspect  ratio 
of  at  If^ast  3  to  1.  A  fiber  concentration  of  0.01  fibers  per  cubic 
ceitlmeter  of  air  was  the  limit  of  detection. 

VOCs  and  SVCX^s  were  analyzed  by  gas  chromatography/mass  spectrometry  (CC/MS) 
with  a  library  search.  Target  VOCs  and  target  SVOCs  are  presented  In 
Talles  3.1-4  and  3.1-5,  respectively.  The  reporting  limits  were  calculated 
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Table  3.1-4.  Target  Volatile  Analytes. 


Conpound 

EPA  Aisbient 

Air  Method 

BCHD 

Benzene 

TO-1 

Carbon  tetrachloride 

TO-1 

Chlorobenzene 

TO-1 

Chloroform 

1 1 1-Dichloroethane 

TO-1 

1 ,2-Dichloroethane 
trans-l ,2-Dichloroethylene 

DMDS 

TO-1 

Ethylbenzene 

Methylene  chloride 

Methylisobutyl  ketone  (MIBK) 
N-Nitrosodimethylamine  (NDMA) 

TO-1 

Tetrachloroethylene 

TO-1 

Toluene 

1.1. 1- Trichloroethane 

1 . 1 .2- Trichloroethane 

Tr ich 1 oroe  thy lene 

TO-1 

m-Xylene 

TO-1 

o-Xylene 

p-Xylene 

Source:  ESE,  1987. 
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Table  3.1-5.  Target  Semivolatile  Analytes. 


Compound 

EPA  Ambient 

Air  Method 

Aldrin 

TO-4 

Atrazine 

Chlordane 

TO-4 

CPMS 

CPMSO 

CPMSO2 

DBCP 

DCPD 

4, 4 '-DDE 

4. 4' -DDT 

TO-4 

Dieldrin 

TO-4 

DIMP 

Dithiane 

DMMP 

Endrin 

HCCPD 

Isodrin 

Malathion 

Oxathiane 

Parathion 

Supona 

Vapona 

Source:  ESE,  1987. 
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using  the  Hubaux  and  Vos  procedure  and  were  not  lower  than  the  lowest  spiked 
saople*  liontarget  VOCs  and  SVOCs  were  Identlfledt  where  possible i  and 
reforted*  In  the  suaaMry  tables*  the  compounds  were  Identified  but 
COT  cent rat  Ions  were  not  given  as  the  accuracy  of  the  concentration  of 
noT  target  analytes  Is  not  certain* 

Analysis  for  metals  determined  concentrations  of  cadmium*  chromium*  copper* 
leed*  zinc*  arsenic*  and  mercury-  The  reporting  limits  for  metals  were 
determined  by  the  PMO-RMA/USATHAMA  reporting  limit  program  and  were  not 
lover  than  the  lowest  spiked  sample- 

3- ] -3  QUALITY  ASSURANCE/QUALITY  CCMITROL 

Quality  Assurance  (QA)  for  all  sampling  and  analysis  activities  was 
coTSlstent  with  the  Field/Laboratory  QA  Plan  given  In  Appendix  D  of  the 
Technical  Plan  and  with  the  specific  RMA  QA  requirements  given  In  Section 

4- 0  of  the  Technical  Plan-  The  Project  QA  Supervisor  and  the  QA 
Cocrdlnators  assured  the  technical  quality  of  the  data  through  monitoring 
anc  periodic  auditing  of  quality  control  procedures  followed  by  the  field 
sacpllng  teams  and  laboratory  personnel- 

Thc  field  operations  that  were  audited  Include  sample  handling*  use  of 
sai pie  containers  for  specific  analyses*  use  of  approved  sampling  techniques 
to  minimize  loss  of  sample*  and  field  documentation  and  chaln-of-custody 
pr£ctlces-  Sample  collection  preparation  was  monitored  as  part  of  the 
lal oratory  audit.  The  Laboratory  QA  Ccxjrdlnator  assured  compliance  with  the 
ho] ding  time  and  preservation  requirements  for  the  samples  requiring 
analysis  by  certified  methods- 

Al]  data  were  processed  through  the  Data  Management  System  and  Project  QA 
Stiff  as  directed  by  the  Field/Laboratory  QA  Plan-  QA  Program  Status 
Re{orts  were  submitted  upon  completion  of  each  analytical  lot  to  PMO- 
RM/ /USATHAMA-  All  points  which  Indicated  an  out -of -control  situation  were 
eviluated  and  explained  in  the  status  reports-  Necessary  corrective  action 
to  prevent  recurrence  also  was  addressed  at  this  tlme- 
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3.:  meteqbqlqcy 

3.:.1  SAMPLING  TECHNIQUES 

0ns ite  aeteorological  paraactcrs  wara  aonitorad  at  the  threa  lO-aatar 
ststlons  sho%m  In  Figure  3.2>1.  Table  3.1>1  contains  the  exact  locations  as 
determined  by  a  registered  surveyor-  The  National  Climatic  Center  (NCC) 
also  monitors  oieteorologlcal  conditions  at  SIA«  less  than  2  miles  from  RMA. 

Ths  onsite  stations  were  established  In  1981  and  have  been  maintained  by 
RM/ .  Prior  to  commencement  of  Task  18 >  the  stations  were  experiencing 
prc blems  with  data  retrieval  because  of  erratic  Data  Acquisition  System 
(D/S)  operation  and  unreliable  power  supply  systems.  As  part  of  Task  18 ■ 
ststlon  Ml  was  retrofitted  to  have  a  self-contained  DAS  and  battery  power 
supply.  In  addition  to  sending  data  to  the  RMA  computer  network •  Ml 
coJlected  and  stored  data  at  the  station.  M2  and  M3  continued  to  send  data 
to  the  computer  network  at  South  Plants. 

The  meteorological  parameters  that  were  monitored  Included: 
o  Barometric  pressure; 

o  Precipitation; 

o  Solar  radiation; 

o  Standard  deviation  of  wind  direction  (sigma  theta); 

o  Temperature; 

o  Wind  direction;  and 

o  Wind  speed. 

3  - < . 2  ANALYTICAL  PROCEDURES 

Moi Itorlng  sensors  were  fixed  on  10-meter  meteorological  stations  or  at  the 
base  of  the  stations-  Wind  speed  and  direction  were  used  to  select  sampling 
da}s  and  identify  event  periods  favorable  for  collection  of  contaminants. 
Teoperature  and  barometric  pressure  were  important  parameters  necessary  for 
standardization  of  air  quality  data- 

Data  were  stored  at  the  meterologlcal  station  Ml  and  at  South  Plants  for  Ml. 
M2.,  and  M3.  The  DAS  at  Ml  Is  a  battery  powered  microcomputer  with  a  time 
clcck>  a  serial  data  Interfacei  and  a  programmable  analog-to-dlgltal  (A/D) 
coiverter.  Each  mlnute«  the  DAS  records  the  Incoming  signals  according  to 
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ln[ut  programs  specified  In  a  user-entered  Input  table-  The  OAS  then 
prc cesses  the  data  and  stores  It  according  to  output  programs  specified  In  a 
user-entered  output  table-  Input  programs  specify  the  type  of  signal 
coidltlonlng  and  A/D  conversions  to  be  donei  Including  linearization  of 
seJected  Input  signals-  Output  programs  further  process  the  sensor  outputs 
to  obtain  the  standard  parameters  listed  above  and  standard  deviation  of 
wild  speed- 

The  sensor  output  signals  from  Ml.  M2>  and  M3  were  sent  via  telephone  line 
to  an  onpost  computer  at  RMA-  The  data  were  filed  on  magnetic  tape  for 
future  access-  The  data  were  averaged  for  15-mlnute  and  24-hour  Intervals! 
anc  were  printed  weekly  from  0000  hours  Saturday  to  2400  hours  Friday-  The 
data  were  printed  the  following  Monday  to  be  reviewed >  compared  with  strip 
chert  data>  and  flled- 

3.J.3  QUALITY  ASSURANCE /QUALITY  CONTROL 

The  meteorological  monitoring  sensors  were  factory  calibrated  and  were 
recalibrated  either  In  the  field  or  at  the  factory.  In  addition  to 
calibration,  equipment  was  routinely  Inspected  and  repaired,  as  necessary- 

On  a  more  frequent  schedule,  monitoring  sensors  and  DAS  were  checked  against 
calibrated  field  check  sensors  and  compared  to  data  collected  at  the  NCC 
stctlon  at  SIA-  Each  month,  sensors  were  checked  against  calibrated 
Instruments.  Wind  speed  sensors  were  compared  to  a  calibrated  rotation 
de^lce.  Wind  direction  was  checked  In  the  north,  south,  east,  and  west 
dll  actions-  Temperature  was  checked  against  a  NBS-traceable  thermometer  and 
peilodlcally  compared  to  readings  at  SIA-  Barometric  pressure  was  also 
checked  against  readings  from  SIA-  Solar  radiation  and  precipitation 
mot Itorlng  Instruments  were  compared  against  field  observations-  Sunrise 
anc  sunset  times  were  used  to  verify  operation  of  solar  radiation  monitors - 

Data  from  the  tlpplng-bucket  precipitation  gauge  were  compared  with  observed 
rain  or  snowfall  events-  Precipitation  sensors  were  also  correlated  with 
SI/  data- 
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Because  the  field  checks  do  not  constitute  foraal  calibration  of  equipaenti 
aoi itoring  aensors  were  not  adjusted  if  ainor  differences  existed  between 
the  sensors  and  the  check  source-  However i  minor  deviations  were  noted  and 
filed-  If  significant  differences  existed  between  monitoring  equipment  and 
check  sources  I  the  sensors  were  inspected  andi  if  necessary >  returned  to  the 
verdor  for  adjustment  and  calibration- 
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4.0  HATURE  AHO  EXTENT  OF  CONTAMINATION 

This  section  describes  the  results  of  the  year-long  air  quality  monitoring 
program  at  RMA.  For  the  parameters  such  as  TSP,  PM-lOi  and  asbestos  that 
wera  monitored  on  a  routine  basis,  trends  are  shown  and  explained-  For 
toxic  air  parameters,  such  as  VOCs.  SVOCs.  and  metals,  that  were  monitored 
during  event  conditions,  the  data  from  each  event  Is  presented  and 
discussed  - 

For  climatological  and  meteorological  parameters,  there  Is  ^  brief 
discussion  of  the  monitoring  program.  Meteorological  conditions  are 
correlated  with  event  sampling  for  toxic  air  contaminants- 

Data  summary  tables,  figures,  and  graphs  are  presented  In  this  section. 

The  analytical  data  and  detailed  summaries  are  contained  In  Appendices  B.  C. 
and  D- 


4.1 


As  part  of  the  air  quality  monitoring  program,  routine  sampling  as  well  as 
event  sampling  was  conducted*  The  results  of  routine  sampling  are  contained 
In  Section  4.1.1  and  the  results  of  event  sampling  are  contained  In  Section 
4.1.2. 


4.1.1  ROUTINE  SAMPLING 

TSF  and  PM-10  were  monitored  every  6  days  according  to  the  Federal 
monitoring  program.  Asbestos  was  monitored  every  12  days-  The  following 
sections  present  the  data  collected  and  summarize  the  trends  according  to 
monthly  averages- 


4. 1.1.1 


The  TSP  data  collected  at  RMA  from  June  1986  to  June  1987  at  the  12  air 
quality  stations  are  summarized  l.i  Table  4-1-1  and  Figures  4-1-1  and  4-1-2- 
Appendices  B  and  C  contain  the  raw  TSP  data  as  well  as  summaries-  In 
general,  annual  geometric  average  TSP  levels  were  lowest  at  the  stations  on 
the  Interior  of  the  site-  Higher  concentrations  were  realized  at  the 
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Table  4. 1-1-  TSP  Data  Summary 


Annual 

Range  of 

Stat Ion 

Geometric 

Individual 

No •  Locat Ion 

Average* 

24-Hour  Samples 

AQl 

West  Boundary 

46.8 

7.1-143.3 

AQ2 

Northwest  Boundary 

46-9 

11.5-111.9 

AQ3 

North  Boundary 

30.6 

4.4-80.5 

AQ4 

East  Boundary 

42.9** 

38.5-46.8 

AQ5 

South  Boundary 

35.0** 

5.7-109.1 

AQ6 

South  of  South  Plants 

33.1** 

6.2-151.4 

AQ7 

East  of  Rail  Class.  Yd. 

33.0 

6.2-100.8 

AQ8 

South  of  Basin  A 

34.3 

7.3-95.1 

AQ9 

North  of  Basin  A 

31.5 

5.4-81.5 

AQ9x 

North  of  Basin  A 

29.6 

6.6-83-4 

AQIO 

South  of  Basin  F 

28.1 

5.9-70.7 

AQll 

North  of  Basin  F 

33.5 

5-6-90.8 

AQl  2 

North  of  North  Plants 

30.8 

5.8-77.1 

*Federal/State  TSP 


Standards:  Primary 
Annual  -  75  ug/m^ 

24-hour  -  260  ug/m^ 


Secondary 
60  ug/m^ 
150  ug/m^ 


*’*'Less  than  75  percent  data  recovery  due  to  equipment  or  power  failure. 
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boundaries-  Higher  concentrations  of  particulates  were  aonitored  during  the 
winter- 

The  annual  geometric  mean  values  ranged  from  28  ug/m^  south  of  Basin  F  to 
A7  jg/m^  at  the  West  and  Northwest  Boundary-  The  lowest  maxionim  2A-hour 
concentration  was  47  ug/m^t  realized  at  the  AQ4  on  the  East  Boundary-  The 
highest  24-hour  value  was  151  ug/m^  at  AQ6  south  of  South  Plants-  The 
monthly  TSP  concentrations  were  elevated  in  December  at  all  of  the 
monitoring  stations-  This  coincides  with  sanding  of  roads  during  the  winter 
mon  t  hs - 

Onl/  stations  where  75  percent  or  more  of  yearly  data  are  recovered  can  be 
considered  valid  indicators  of  ambient  air  quality  for  an  area-  Stations 
witii  less  than  75  percent  data  recovery  are  indicated  in  Table  4-1-1- 
Rediced  data  collection  was  due  to  equipment  and  power  failures-  With  the 
excaption  of  AQ4 >  AQ5«  AQ6>  and  AQ10>  an  average  data  recovery  of  92  percent 
resulted  from  the  remaining  air  quality  stations*  with  an  overall  data 
recovery  of  79  percent.  The  collocated  samplers  a'  aQ9  and  AQ9x  gave 
consistent  results  throughout  the  year- 


4.1.1.2 


PM-10  was  monitored  at  three  air  quality  stations*  two  at  the  Arsenal 
bouadary  and  one  within  the  boundaries-  Samples  were  collected  on  the  same 
schsdule  as  for  TSP  sampling.  Figure  4-1-2  and  Table  4-1-2  provide  a 
suETiary  of  the  PM-10  monitoring  data  from  the  year-long  ambient  air  program 
at  3MA-  Appendices  B  and  C  contain  the  raw  PM-10  data  as  well  as  data 
sunnaries-  As  with  TSP  concentrations*  PM-10  levels  were  highest  at  the 
boundary  stations  and  lowest  at  the  interior  of  KMA- 


The  annual  arithmetic  mean  values  ranged  from  16  ug/m^  within  the  Arsenal 
boundary  at  AQ9  near  Basin  A  to  31  ug/m^  at  the  South  Boundary  at  AQ5. 
Individual  24-hour  values  ranged  from  5  to  94  ug/m^*  with  lowest  levels  at 
the  interior  of  RMA  and  higher  levels  at  the  boundary - 

By  jsing  past  TSP  data*  it  is  possible  to  predict  which  sites  have  a  high 
probability  of  violating  the  PM-10  standard-  When  TSP  levels  from  each  site 
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Table  4-1-2  PM-10  Data  Sunaary 


Station 

No- 

Locat ion 

Concentration  /ug/m^) 

Annual 

Geometric 

Average* 

Range  of 

Individual 

2 4 -Hour  Samples 

AQ2 

Northwest  Boundary 

30-5** 

6-4-93-5 

AQ5 

South  Boundary 

31-2 

13-0-89-9 

AQ9 

North  of  Basin  A 

15-7** 

4-9-36-3 

*  Federal  Standard:  Annual  -  50  ug/m^ 

24-Hour  -  150  ug/m^ 

**Less  than  75  percent  data  recovery  due  to  equipment  or  power  failure- 
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are  compared  to  PM-10  levels t  the  concentration  of  PM-10  Is  approximately  66 
percent  of  the  TSP  concentration-  Figure  4-1-3  shows  the  correlation 
between  TSP  and  PM-10  at  AQ2  as  a  function  of  time  at  RMA- 

4  - 1 • 1 • 3  Asbestos 

Ambient  air  samples  were  collected  at  four  air  quality  stations  and  analyzed 
for  asbestos  fibers  in  order  to  detect  airborne  asbestos  within  the  Arsenal 
boundary  (AQ6>  AQ8>  and  AQ12)  and  at  the  boundary  (AQl)-  Table  4-1-3  gives 
a  sommary  of  the  asbestos  monitoring  data  at  RMA-  As  can  be  seent  no 
asbestos  was  found  above  the  detection  limit  of  0-01  fiber/cubic  centimeter 
of  air  (f/cc)- 

4-1-2  EVENT  SAMPLING 

As  discussed  previously)  toxic  airborne  contaminants  were  sampled  on  an 
event  basis  according  to  established  meteorological  conditions  which  favored 
ele/ated  concentrations  of  contaminants-  VOCsi  SV0Cs>  and  metals  were 
sanpled  near  suspected  contaminant  sources  during  event  conditions-  The 
following  sections  summarize  the  monitoring  results  and  Appendix  B  contains 
analytical  data- 

4-1. 2-1  VOC-Sampliag 

Basin  F  was  the  primary  suspected  source  of  volatile  organics-  During  low 
wind  and  warm  conditions)  the  airborne  concentrations  of  VOCs  were 
anticipated  to  be  the  greatest  near  Basin  F-  Summaries  of  seven  VOC 
sampling  eventSi  including  concentrations  of  target  compounds) 
identification  of  non-target  compounds)  and  description  of  wind  direction 
during  the  VOC  sampling  event)  are  presented  in  the  following  discussions. 

In  general)  methylene  chloride  was  detected  in  several  samples-  This 
compound  is  a  common  laboratory  contaminant  that  is  routinely  detected  in 
air)  soil)  water)  and  biological  samples-  Other  compounds  that  were 
detected  in  the  atmosphere  near  the  basin  correlate  with  contaminants  found 
in  Basin  F-  Some  of  the  airborne  contaminants  are  organic  compounds  that 
are  naturally  associated  with  vegetation  found  at  RMA- 


EXPLANATION 
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Table  4.1^3.  Asbestos  Data  Sunaary. 


Concentration 

(fibers/cc) 

Station 

No. 

Location 

Annual 

Average 

Range  of 
Individual 

8-hour  Samples* 

AQl 

West  Boundary 

<0.01 

<0.01 

AQ6 

South  of  South  Plants 

<0.01 

<0.01 

AQ8 

South  of  Basin  A 

<0.01 

<0.01 

AQ12 

North  of  North  Plants 

<0.01 

<0.01 

*  OSHA  8-hour 
CDH  Guideline 

Standard:  0.2  fibers/cc 
for  Building  Indoor  Air: 

0.01  fibers/cc 

Source:  ESE,  1988. 
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ivent  1  -  Figure  4.1-4  shows  the  results  of  VOC  ssapllng  on  Noveaber  28t 
1985 •  Winds  were  frm  the  south-southeast  at  approxlaately  4  aph  during 
saapling-  Methylene  chloride  was  the  only  target  coapound  and  it  was 
detected  in  all  three  saaples  at  concentrations  froa  33  to  2500  ug/a^< 
Methylene  chloride  is  not  prevalent  in  Basin  F  aaterials  and  is  a  suspected 
laboratory  contaminant.  No  other  target  compounds  were  detected. 

Siloxane  and  limonene  were  nontarget  compounds  that  were  identified  in 
saaples.  Siloxane  is  an  organic  inherent  to  CC  columns  and  is  commonly 
knevn  as  "Column  Bleed".  Limonene  is  a  solvent  used  in  manufacturing 
resins.  It  is  also  naturally  produced  in  the  environment  and  is  associated 
with  turpentines. 

Eve at  2  -  Figure  4.1-5  shows  the  results  of  VOC  sampling  on  June  lOi  1987. 
Wir.is  were  from  the  east-southeast  at  approximately  4  mph  during  sampling. 

No  target  compounds  were  detected  at  four  of  the  six  stations  around  the 
basin.  Target  compounds  were  detected  in  two  samples*  chloroform  at  30 
ug/a^  and  methylene  chloride  at  74  ug/m^.  Chloroform  is  a  common  solvent  ^ 
and  is  probably  not  a  laboratory  artifact. 

Nontarget  compounds  were  identified  in  all  six  samples  and  Included: 
siloxane*  3-methylheptane «  l-pentane*  trichlorof luoromethane*  acetamide*  and 
iscdecene.  Isodecene*  3-methylheptane  and  l-pentane*  are  common  organics 
found  in  gasoline.  Trichlorof luoromethane  is  a  refrigerant  and  aerosol 
spray  propellant.  Acetamide  is  an  organic  solvent  used  in  the  manufacturing 
of  explosives. 

£v£ei£_3  -  Figure  4.1-b  shows  the  results  of  VOC  sampling  on  June  22*  1987. 
Winds  were  from  the  north-northwest  at  approximately  11  mph  during  sampling. 
No  target  compounds  were  found  in  any  of  the  eight  samples  collected. 

Only  four  samples  contained  nontarget  compounds.  Those  compounds  included: 
acetone*  siloxane*  l-ethyl-2-heptylcyclopropane *  n-butyl-l-l-butanamine *  2- 
beta-pinene,  limonene*  2 *5*6-trimethyloctane*  and  2*6-bis-l*l-dimethylethyl- 
2*5-cyclohexadiene-l *4-dione.  Acetone  is  a  common  Industrial  solvent  and 
may  be  a  laboratory  artifact.  N-butyl-l-butanamine  is  also  known  as  dl-n- 
but/lamine.  The  compound  2-beta-pinene  is  a  pine  oil  derivative  and  may  be 
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natarally  occurlng.  The  coapound  2i5>6-trlBethyloctane  la  a  product 
Ingasollne  and  aolventa-  The  origin  of  the  final  coapound  la  not  Known. 

Event  4  -  Figure  A. 1-7  ahows  the  results  of  VOC  sampling  on  July  2,  1987- 
Winds  were  from  the  east-southeast  at  approximately  A  mph  during  sampling. 
Target  compounds  were  not  found  In  any  of  the  five  samples. 

In  two  of  the  samples  nontarget  compounds  were  Identified  Including 
slloxane  and  acetone. 

£32Eat_5  -  Figure  A.  1-8  shows  the  results  of  VOC  sampling  on  July  lOi  1987. 
Winds  were  variable  from  the  northeast  to  west  and  southeast  to  east  at 
approximately  5  mph.  Methylene  chloride  was  detected  In  two  of  the  eight 
sanples  at  23  and  38  ug/m^.  No  other  target  compounds  were  detected. 

Non  target  compounds  were  Identified  In  seven  of  the  eight  samples.  The 
conpounds  Included:  slloxane<  acetonci  and  trlchlorof luoromethane . 

Eve  at  6  -  Figure  A. 1-9  shows  the  results  of  VOC  sampling  on  July  2A >  1987. 
Winds  were  from  the  north  at  approximately  3  mph.  Target  compounds  were  not 
detected  in  any  of  eight  samples 

Nontarget  compounds  were  found  In  all  eight  samples  and  Included:  slloxane* 
2-bjtanonei  and  acetone.  The  compound  2-butanone  Is  a  common  solvent  which 
Is  also  known  as  methyl  ethyl  ketone. 

£xeal_2  -  Figure  A. 1-10  shows  the  results  of  VOC  sampling  on  August  5i  1987. 
Winds  were  variable  from  the  west  at  approximately  3  mph.  Methylene 
chlarlde  was  the  only  target  compound  detected.  It  was  observed  in  four  of 
nln^  samples  at  concentrations  ranging  from  22  to  70  ug/m^. 

Non  target  compounds  were  Identified  at  seven  of  eight  stations.  The 
compounds  Included:  slloxanei  trlchlorof luoromethane i  and  acetone. 

A . 1 . 2 . 2  SVQC  Sampling 

Semlvolatlle  organics  were  sampled  during  five  events  which  favored  elevated 
airborne  concentrations  of  SVOCs.  Moderate  wind  speeds  during  warmi  dry 
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conditions  were  anticipated  to  favor  collection  of  SV0Cs<  Basins  A  and  F 
were  suspected  of  being  the  sites  with  the  greatest  potential  for  eaitting 
SVCZs-  Three  sampling  events  were  conducted  at  Basin  A  and  two  were 
conducted  at  Basin  F- 

In  general  I  there  were  minimal  detections  of  target  SVOCs  around  Basin  A. 
SVCZs  were  detected  around  Basin  F  and  included:  aldrin,  dieldrin,  endrini 
and  isodrin-  There  were  numerouSf  nontarget  SVOCs  identified  near  Basin  F- 
The  following  discussions  describe  and  explain  the  results  of  the  SVOC 
saapling  events  and  list  the  nontarget  compounds  that  were  identified  for 
eac  h  event . 

£X£al_i  -  Figure  4 • 1-11  and  Table  4*1-4  summarize  the  SVOC  sampling  event  on 
May  13 1  1987  at  Basin  A.  The  winds  were  from  the  south-southwest  at 
approximately  4  mph*  Target  compounds  were  detected  in  one  of  three 
sairplesi  and  included  dieldrin  at  0>031  ug/m^  and  CPMSO2  at  0-024  ug/m^. 
These  are  common  contaminants  at  RMA* 

Non  target  SVOCs  were  identified  in  all  three  samples  and  are  listed  in  Table 
4 •1-4.  Most  of  these  are  background  polynuclear  aromatic  hydrocarbons  found 
in  jrban  areas-  They  are  associated  with  gasoline  and  vegetation. 

Event  2  -  Figure  4-1-12  and  Table  4-1-5  summarize  the  SVOC  sampling  event  on 
May  15 >  1987  at  Basin  A-  The  winds  were  from  the  south-southeast  at 
approximately  7  mph-  One  sample  was  analyzed  and  no  target  compounds  were 
detected- 

Non  target  SVOCs  were  identified  at  this  station  and  are  shown  in 
Table  4-1-5-  Dioctyladipate  is  a  plasticizer  as  well  as  a  possible 
laboratory  contaminant. 

£V£al_3  -  Figure  4-1-13  and  Table  4-1-6  summarize  the  SVOC  sampling  event  on 
May  19,  1987  at  Basin  A.  Winds  were  variable  from  the  south  at  3  mph-  Four 
samples  were  collected  and  no  target  compounds  were  detected- 
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Table  Event  1  -  Nontarget  SVOCs- 


E1SV0*1 

Fhenanthrene 

Trlmethylpentadecanone 

Elcosane 

Tetramethylheptadecane 

E1SV0*3 

Benzoic  acid 
Nonanolc  acid 
Trlmethylpentadecanone 
Nonadecane 
Elcosane 

Tetramethylheptadecane 

E1SV0*4 

Benzoic  acid 
Methyldodecanoate 
Methyltetradecanoate 
Fhenanthrene 
Methylhexadecanoate 


Source:  ESE.  1988 • 
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Table  4>1-S-  Event  2  -  Nontarget  SVOCs- 

E2SV0*1 


Dloctyladlpate 
Aliphatic  hydrocarbon 
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Table  Event  3  -  Nontarget  SVOCs- 


E3SV0*1 

Benzoic  acid 
Possibly  -  C10H10N2O 
Trlmethylpentadecanone 
Nonadecane 
Hexadecanolc  acid 
Elcosane 

E3SVO*2 

Acetophenone 
Phenanthrene 
Tetramethylhexadecane 
Anallphatlc  hydrocarbon 

Anallphatlc  hydrocarbon  (probably)  (C2iH^,4) 

E3SVO*3 

Benzoic  acid 
(possibly)  CioH|oN20 
Methyl tetradecanoate 
Trlmethylpentadecanone 
Methylhexadecanoate 

E3SV0*A 

Benzoic  acid 
(possibly)  Cio^l0^2® 

Trlmethylpentadecanone 
Nonadecane 
Hexadecanolc  acid 
Elcosane 


Source:  ESEi  1988' 
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Table  A >1-6  ahows  the  nontarget  SVOCs  that  were  identified*  Many  of  these 
are  background  hydrocarbons  related  to  plant  materials- 

Event  4  -  Sampling  and  analyses  errors-  Data  was  invalid- 

Event  5  -  Figure  4-1-14  and  Table  4-1-7  summarize  the  SVOC  sampling  event  on 
June  12*  1987  at  Basin  F-  The  winds  were  from  the  south  at  approximately  5 
mph-  Target  SVOCs  were  detected  at  all  four  stations-  The  contaminants 
included:  dieldrini  0-051  to  0-2  ug/m^;  endrin«  0-071  to  0-13  ug/m^; 
aldrlni  0-067  to  0-20  ug/m^;  isodrin,  0-038  ug/m^;  CPHSOi  0-047  to  0-065 
ug/m^;  and  CPMSO21  0-34  to  0-37  ug/m^-  These  compounds  are  common  RMA 
contaminants  - 

Table  4-1-7  summarizes  the  nontarget  SVOCs  at  all  four  stations-  Host  of 
these  compounds  are  background  hydrocarbons  related  to  plant  materials  or 
are  derivatives  from  pesticides- 

Event 6  -  Figure  4-1-15  and  Table  4-1-8  summarize  the  SVOC  sampling  event  on 
June  I81  1987  at  Basin  F-  Winds  were  from  the  southeast  at  4  mph-  The 
following  target  SVOCs  were  detected  at  the  four  sampling  stations: 
dieldrini  0-041  to  1-6  ug/m^;  endrini  0-031  to  0-13  ug/m^;  aldrini  0-064  to 
0-087  ug/m^;  CPMSOi  0-026  to  0-039  ug/m^;  and  CPMSO21  0-56  to  1-7  ug/m^- 

Table  4-1-8  contains  a  list  of  the  nontarget  SVOCs  identified  at 
Basin  F-  Again  these  are  common  background  organics  or  derivatives  from 
organics - 

Samples  were  collected  for  metals  analysis  during  dryi  windy  periods  near 
the  basins  and  at  the  boundaries-  There  were  16  sampling  events  with  one  to 
eight  samples  collected  per  event-  The  samples  were  analyzed  for  arsenic  1 
cadmiumi  chromiumi  copperi  mercuryi  leadi  and  zinc-  Figures  4-1-16  through 
4-1-31  summarize  the  results  of  each  event  and  Table  4-1-9  summarizes  all  of 
the  data  that  was  collected  and  analyzed  for  metals - 
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Table  A. 1-7.  Event  5  -  Nontarget  SVOCs- 


E5SV0*1 

3-phenyl  2-propenolc  acid  ethyl  ester 

I>2i3t4,7,7  -  hexachloro  blcyclo  [2t2>l]  hepta-2 . 5-dlene 

Ii2t3t4>5>7,7  -  heptachloro  blcyclo  12 <2 >11  hept-2-ene 

Tetrachiorobenzene 

Nonadecane 

Elcosane 

2 1 6 1 10 ) IS-Tetramethylheptadecane 
oil  (Cig  to  C28  hydrocarbons) 

ESS VO* 2 

Benzothlazole 

Cj8  to  C20  hydrocarbon 

Nonadecane 

Elcosane 

2  >6 > 10> IS-Tetramethylheptadecane 
Docosane 

C23H48 

Butylbenzylphthalate 

oil  (Ci5  to  C28  hydrocarbons) 

E5SVO*3 

3-phenyl-2-propenolc  acid  ethyl  ester 
l)2,3)4i7,7-hexachloroblcyclo  C2,2>11  hepta-2 >S-dlene 
Dodecanolc  acid 

A-( 2 1 2 , 3 1 3-tetramethylbutyl )  phenol 

1 ) 2 1 3i A > S ) 7 ,7-heptachloroblcyclo  [2>2>1]  hept-2-ene 

Methyltetradecanoate 

Tetrachiorobenzene 

6> lOi lA-trlmethyl  2-pentadecanone 

Methylhexadecanoate 

1 >2 ,3) A , 10> 10-hexachlora-A , Aa ,S>8  >8a-hexahydro-l >A:Si8- 
dlmet ha nonaphthalene 
2 ,6  > 10) IS-tetramethylheptadecane 

EASV0*A 

3-Phenyl  2-propenolc  acid)  ethylester 
A-( 2 ) 2 )3) 3-tctraniethylbutyl )  phenol 
1 )2 ) 3 ) A ) 5 )7 )7-heptachloroblcyclo  12>2)1]  hept-2-ene 
6) 10) lA-trlmethyl  2-pentadecanone 
2  >6)10) IS-tetramethylheptadecane 


Source:  ESE)  1988. 
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Table  ^.1-8-  Event  6  -  Nontarget  SVOCs- 


E6SV0*1 

Heptachloronorbornene 
Tetrachlorobenzene 
Trimethyl pen tadecanone 
Tetramethyl  heptadecane> 
Isodrln  Isomer 

E6SVO*2 

t-butylphenol 
Tr Ime thy 1 pent adecanone 
Tetramethylheptadecane .  C21H/,/, 
Aliphatic  hydrocarbon 

E6SVO*3 

Nonanolc  acid 
Dode;anolc  acid 
CPMSO2  Isomer 
Heptachloronorbornene 
Methyltetradecanoate 
Tetrachlorobenzene 
Tr Ime thylpent adecanone 
Methylhexadecanoate 
Isodrln  Isomer 
Aliphatic  hydrocarbon 

E6SV0*^ 

Nonanolc  acid 
CPMSO2  Isomer 
Tetramethylbutylphenol 
Heptachloronorbornene 
Tr Ime thylpent adecanone 
Aliphatic  hydrocarbon 


Source:  ESE,  1988. 
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Table  4* 1-9.  Metals  Data  Sunmary. 


Range  Qt-talues  AbQve_DetectiQn  Limits  tug/m^l 


Metals 

Detection 

Limit 

(ug/m^) 

From  TSP  Filters* 

From  PM-10  Filters* 

As 

0.003 

0.005-0.012 

(2)** 

NHADL** 

Cd 

0.002 

0.002-0.017 

(21) 

0.002-0.003 

(4) 

Cr 

0.003 

0.003-0.050 

(19) 

NHADL 

Cu 

0.016 

0. 026-0. 912 

(81) 

0. 019-0. 029 

(3) 

Hg*** 

0.063 

NHADL 

NHADL 

Pb 

0.008 

0.010-0.062 

(66) 

0.009-0.037 

(6) 

Zn 

0.010 

0.128-10.2 

(11) 

NHADL 

*  Total 

number  of  TSP 

filters  analyzed 

-  87. 

Total  number  of  PM-10  filters  analyzed  -  7. 
**  Number  of  hits  above  detection  limits. 

**  NHADL  -  No  hits  above  detection  limits. 

***  Hg  collected  on  Hopcallte^^  media. 
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The  uost  prevalent  airborne  aetal  was  copper  with  concentre'’ Ions  up  to 
0-912  ug/a^  near  Basin  A-  Lead  was  found  In  a  majority  of  samples  with 
concentrations  reaching  0-062  ug/m^  near  South  Plants-  The  least  prevalent 
metal  was  mercury  which  was  not  found  above  detection  limits  In  any  of  the 
81  samples - 

The  highest  metals  concentrations  were  for  zinc  although  most  of  the  high 
zinc  values  were  realized  during  one  sampling  event-  This  suggests  that 
there  possibly  may  have  been  an  Influence  of  zinc  during  sampling  or 
analyses  that  Is  not  representative  of  the  airborne  concentrations-  Zinc  Is 
a  common  artifact  In  air  samples - 

The  metals  concentrations  on  TSP  filters  were  generally  higher  than  the 
concentrations  on  PM-10  filters  during  common  sampling  events-  This 
correlates  with  the  fact  that  less  material  Is  collected  on  PM-10  filters 
than  TSP  f liters - 

4-2  MEIEOSQLOGICAL  PARAMETERS 

Three  meterologlcal  monitoring  stations  were  established  at  RNA  In  1981  by 
the  Army-  The  stations  were  designed  to  collect  routine  meteorological  data 
and  to  send  the  data  to  the  RMA  computer  center  In  the  South  Plants-  Data 
retrieval  was  sporadic  due  to  equipment*  computer*  and  data  management 
problems.  In  order  to  Increase  the  reliability  of  data  retrieval  and 
storage*  station  Ml  was  retrofitted  with  a  strip  chart  recorder  and  a 
computerized  DAS-  Therefore*  In  addition  to  the  traditional  data  collection 
from  Ml*  M2*  and  M3  at  the  RMA  computer  center*  data  from  Ml  was  stored  at 
the  monitoring  station  and  retrieved  on  a  routine  basis 

The  Intent  during  this  Investigation  was  to  collect  a  years  worth  of 
uninterrupted  meterologlcal  data  at  Ml-  Due  to  delays  In  procurement  of 
equipment  and  faulty  equipment*  less  than  3  months  of  valid  meteorological 
data  were  collected.  Appendix  D  contains  the  Ml  data-  The  RMA  computer 
center  has  the  additional  data  from  Ml,  M2*  and  M3. 
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o  Temperature : 

o  Pressure ; 

o  Solar  radiation: 

o  Precipitation: 

o  Wind  speed: 

o  Wind  direction;  and 

o  Standard  deviation  of  wind  direction  (sigma  theta)* 

Data  were  used  in  standardizing  sampling  results  and  in  defining  wind 
conditions  during  specific  sampling  events*  However*  the  short  period  for 
which  data  were  collected  is  not  useful  in  predicting  long-term  trends  or 
defining  historical  conditions  at  RMA* 

Until  a  more  reliable  method  of  collecting*  storing*  and  managing 
meteorological  data  at  RMA  is  established*  the  onsite  data  should  only  be 
used  to  define  specific  events.  Meteorological  data  from  nearby  SIA  are 
representative  of  the  RMA-area  and  should  be  used  in  predicting  future 
meteorological  conditions.  SIA  data*  such  as  shown  in  Tables  2.2-1  through 
2.2-A*  are  useful  in  predicting  temperature*  pressure*  precipitation  and 
wind  events  at  RMA*  Historical  stability  data  from  the  U*S*  Department  of 
Commerce  are  most  representative  of  RMA  for  use  in  dispersion  models*  Until 
several  years  worth  of  reliable  data  are  collected  at  RMA*  SIA  data  should 
be  used  for  planning  and  characterization  purposes* 
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5.0  CONTAMIlfATIOII  ASSESSMOnT 

The  contamination  assessment  Is  an  evaluation  of  the  significance  of  the  air 
quality  contaminants  at  RMA  as  characterized  by  data  collected  during  this 
Investigation-  For  parameters  like  TSP>  m-10>  asbestosi  and  Pbi  the 
assessment  Is  relatively  straightforward  as  there  are  Federal  standards  for 
these  contaminants.  For  VOCs*  SV0Cs>  and  metals*  the  contamination 
assessment  Is  dependent  upon  the  EA  which  evaluates  environmental  and  health 
based  Impacts  and  risk- 

The  discussion  here  concentrates  on  assessing  the  Impacts  to  air  quality 
from  TSPi  PM-IO*  asbestos*  and  Pb.  Because  the  assessment  of  Impacts  from 
VOCs*  SVOCs*  and  metals  on  air  quality  Is  a  function  of  the  EA*  the 
significance  of  the  data  collected  during  this  Investigation  will  not  be 
evaluated  here.  However*  the  levels  of  toxic  air  contaminants  realized 
during  this  Investigation  will  be  compared  to  typical  urban  concentrations 
as  well  as  to  previous  monitoring  results. 


Historical  TSP  data  In  the  Denver  metropolitan  area  and  near  the  vicinity  of 
RHA  show  that  these  areas  are  not  In  compliance  with  primary  NAAQS. 
Nonattainment  of  the  standards  has  been  attributed  to  the  high  density  of 
these  urban  areas  where  sources  such  as  automobiles*  diesel  trucks  and 
buses*  power  plants*  and  wood-fueled  heating  devices  have  contributed  to  the 
problem. 

The  TSP  data  collected  at  all  test  sites  on  RHA  were  In  compliance  with  both 
the  primary  and  secondary  annual  NAAQS  except  for  one  24-hour  sample 
collected  near  South  Plants.  This  sample  was  151  ug/m^  compared  to  a 
24-hour  secondary  standard  of  150  ug/m^.  The  primary  annual  standard  of 
75  ug/m^  Is  Intended  to  protect  public  health  and  the  more  stringent 
secondary  standard  of  60  ug/m^  protects  public  welfare  from  any  known  or 
anticipated  adverse  effects  of  the  pollutant.  At  RMA*  the  highest  annual 
geometric  average  TSP  level  was  47  ugAm?  at  the  West  and  Northwest 
Boundaries*  while  the  lowest  was  28  ug/m^  at  the  Interior  of  the  site.  This 
Is  significant  In  respect  to  future  remedial  actions.  At  the  Interior  of 
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the  site  where  most  emissions  would  be  expected  during  remedial  act  Ions « 
there  Is  the  greatest  available  Increment  between  background  TSP  levels  and 
the  NAAQS*  At  the  prevailing  downwind  boundary >  the  background  TSP  levels 
are  greatest  allowing  an  Increase  of  13  ug/m^  from  onsite  activities* 
Depending  upon  remedial  actions  and  resulting  emlsslons>  NAAQS's  may  be 
exceeded  offpost  In  the  prevailing  downwind  direction  of  RMA*  Dispersion 
modeling  of  anticipated  clean-up  scenarios  would  predict  downwind 
concentration  of  TSP  levels-  This  type  of  modeling  will  be  Investigated 
during  future  FS  activities- 

5  -  2  PM-IQ  ASSESSMENT 

The  EPA  recently  revised  the  national  clean  air  standards  for  particulate 
matter »  effective  July  31 t  1987,  changing  the  focus  from  larger,  total 
particles  to  smaller.  Inhalable  respirable  particles  that  are  more  damaging 
to  human  health-  The  new  rules  will  replace  current  standards  for  TSP  with 
a  new  Indicator  that  Includes  only  those  particles  that  are  10  urn  or 
smaller.  PM-10  particulates  are  generally  created  during  a  burning  process 
and  contain  a  large  percentage  of  elemental  and  organic  carbon.  These  small 
particles  are  major  contributors  to  visibility  problems-  Studies  show  that 
PM-10  particles  seem  to  be  responsible  for  most  of  the  adverse  health 
effects  from  particulate  Inhalation-  This  Is  due  to  their  ability  to  reach 
the  lower  regions  of  the  respiratory  tract  and  to  the  extended  period  of 
time  that  they  are  retained  In  the  lungs- 

The  new  annual  primary  and  secondary  standards  limit  PH-10  to  50  ug/m^  and 
the  new  24-hour  standards  are  set  at  ISO  ug/m^-  During  1986.  the  CDH-APCD 
monitored  PM-10  at  two  sites  within  the  vicinity  of  RMA-  The  data  show  that 
both  sites  would  have  been  In  violation  of  the  new  annual  PM-10  standards. 
These  sites  have  also  exceeded  the  standards  for  TSP  In  recent  years- 

Because  of  the  evolving  PM-10  regulations  which  will  specify  sampling 
techniques,  and  the  low  collection  efficiency  of  samples  due  to  equipment 
problems  during  Task  18.  additional  sampling  will  be  considered  In  the  FS 
and  In  Interim  Response  Actions  (IRAs)  once  the  State  formalizes  Its  PM-10 
program.  Based  upon  the  results  of  this  sampling  effort.  PM-10  levels  at 
RMA  are  highest  at  the  boundaries  and  lowest  at  the  Interior  of  the  site- 


5-2 


C-RMA-18D/FINRPT.50.3 

8/9/88 


However «  all  PM-10  concentrations  onpost  at  RMA  are  below  the  annual  average 
PM-10  standards*  Similarly  to  TSPi  PM-10  concentrations  will  be  evaluated 
by  dispersion  modeling  for  emissions  from  anticipated  remedial  actions 
during  future  FS  activities* 


Currently,  there  are  no  ambient  air  quality  guidelines  for  acceptable  levels 
of  airborne  asbestos*  While  the  State  of  Colorado  does  use  a  level  of  0*01  f/cc 
as  a  guideline  for  determining  when  a  building  is  safe  to  reoccupy  following 
an  Asbestos  Abatement,  there  is  no  standard  or  guideline  for  outdoor  air* 

Under  the  Clean  Air  Act.  the  EPA  has  the  responsibility  of  administering  the 
National  Emissions  Standards  for  Hazardous  Air  Pollutants  (AO  CFR  61. 

Subpart  M).  which  includes  the  regulation  of  asbestos  emissions*  The 
Colorado  Air  Quality  Control  Commission's  Regulation  No*  8  is  similar  to  the 
Federal  standard*  The  intent  of  these  standards  is  to  prevent  "visible 
emission"  of  particulate  asbestos  fibers  into  the  environment  during 
removal,  treatment,  demolition,  processing,  and  deposition  of  asbestos 
containing  materials  and  to  outline  procedures  for  the  proper  handling  and 
disposal  of  asbestos  to  minimize  emissions*  No  concentration  limits  are 
specified  in  the  standards* 

The  Occupational  Safety  and  Health  Administration  (OSHA)  promulgates 
standards  for  and  regulates  worker  protection*  The  standard  for  asbestos 
specifies  acceptable  levels  of  airborne  exposures  for  workers*  The  current 
standard  for  exposure  to  asbestos  fibers  without  respiratory  protection  is 
an  8-hour  time-weighted  average  (TWA)  of  0*2  f/cc*  The  OSHA  standard  was 
developed  to  protect  against  asbestosls  and  does  not  address  the 
carcinogenic  potential  of  asbestos.  It  is  also  intended  as  an  occupational 
standard  and  should  not  be  used  in  assessing  the  risk  to  the  public  health* 

All  individual  8-hour  samples  collected  at  RMA  were  over  one  order  of 
magnitude  lower  than  the  OSHA  standard  and  below  the  reliable  quantification 
of  the  PCM  method*  Studies  have  shown  that  typical  ambient  asbestos  levels 
are  in  the  order  of  0*001  f/cc  in  rural  areas  and  somewhat  higher  in  urban 
areas*  From  the  monitoring  data,  the  airborne  asbestos  levels  at  RMA  are  in 
line  with  typical  urban  environments  and  are  significantly  below  the  OSHA 
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standard  for  worker  protection*  Airborne  asbestos  was  not  suspected  to  be 
migrating  within  or  beyond  the  arsenal  boundarlasi  nor  migrating  onto  the 
arsenal  from  offpost  sources. 

There  are  currently  no  Federal  or  State  of  Colorado  VOC  or  SVOC  regulatory 
requirements  for  ambient  concentrations*  The  State  is  contemplating 
adoption  of  regulations  for  organic  levels  in  the  ambient  atmosphere* 
however  implementation  is  not  imminent*  The  only  regulation  relating  to 
organic  emissions  in  Colorado  is  from  point  sources  such  as  fuel  storage 
facilities* 

The  VOC  and  SVOC  concentrations  monitored  during  this  investigation  at  RMA 
are  the  highest  levels  to  be  expected  under  current  conditions-  However* 
disturbance  during  remedial  actions  may  increase  or  decrease  airborne 
concentrations*  For  example*  removal  of  Basin  F  liquids  will  most  likely 
Increase  VOC  and  SVOC  levels*  The  IRA  in  Basin  A  that  involves  dust  control 
will  reduce  airborne  emissions  of  SVOCs* 

Excluding  suspected  laboratory  contaminants*  the  low  levels  of  VOCs  and 
SVOCs  that  were  realized  during  this  investigation  are  consistent  with 
compounds  known  to  occur  in  the  source  areas  and  are  consistent  with 
previous  air  monitoring  investigations*  Additionally*  many  of  the  compounds 
that  were  detected  are  common  urban  hydrocarbons  associated  with  storage  and 
combustion  of  petroleum  fuels*  Other  compounds  that  were  detected  include 
common  environmental  contaminants  originating  from  vegetation* 

The  levels  of  the  VOC  and  SVOC  that  were  encountered  at  RMA  appear  to  be 
similar  to  levels  found  during  historical  monitoring  and  do  not  appear  to  be 
significant  relative  to  historical  monitoring*  Significance  as  related  to 
health  risk  or  environmental  damage  is  being  considered  as  part  of  the  EA* 

5  *  5  M£lALS-ASS£SSM£tiI 

The  only  guideline  for  ambient  concentrations  of  metals  is  an  NAAQS  for 
lead*  The  Federal  and  State  standard  is  1*5  ug/m^  averaged  over  3  months* 
None  of  the  metals  samples  collected  as  part  of  this  study  exceed  this 
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standard.  In  most  cases  the  lead  values  were  less  than  0-1  ug/m^  and  more 
consistent  with  typical  urban  values* 

As  for  the  other  metals ■  mercury  vapor  was  below  detectable  levels  In  all  of 
the  samples-  Arsenic i  cadmlumi  chromlumi  copper,  and  zinc  were  detected  at 
RHA-  Arsenic,  cadmium,  chromium,  and  copper  were  consistent  with  urban 
metals  concentrations,  with  cadmium  and  copper  being  realized  In  slightly 
elevated  levels  near  the  basins-  Zinc  levels  were  generally  consistent  with 
urban  environmental  levels  except  for  one  day  when  concentrations  were  In 
excess  of  10  ug/m^-  The  zinc  values  for  this  day  may  be  suspect  since  zinc 
was  at  low  levels  or  not  detected  at  all  during  all  other  events - 

The  health  risk  and  environmental  damage  assessment  from  airborne  metals  Is 
not  part  of  this  study-  The  EA  Is  currently  evaluating  the  significance  of 
airborne  metals  originating  from  RMA- 

5  -  6  SUMMAM-QE-AIR-QUALIII-AI-SMA 

Air  quality  has  been  monitored  at  RMA  since  1969-  The  Army  Is  continuing 
the  surveillance  of  air  quality  through  this  task  as  well  as  through  ongoing 
programs.  Previous  air  monitoring  programs.  Including  Task  18.  are 
summarizes  In  the  following  section.  Additionally,  the  current  and  future 
air  monitoring  efforts  under  the  Continuous  Monitoring  Program  (CMP)  and 
IRAs  are  dlscussed- 

5-5-1  PREVIOUS  INVESTIGATIONS 

Numerous  air  quality  studies  have  been  conducted  by  the  Army  as  well  as 
other  Federal  and  State  agencies,  and  personnel-  Historically,  airborne 
contaminants  at  RMA  have  been  associated  with  specific  facility  operations 
which  have  since  ceased  and  no  longer  emit  pollutants  to  the  atmosphere. 

Criteria  pollutants  at  RMA  appear  to  originate  from  sources  both  onpost  and 
offpost-  Because  TSP  and  PM-10  concentrations  are  generally  greater  at  the 
boundaries  of  RMA  and  less  at  the  Interior  of  the  site,  offpost  sources  such 
as  vehicular  traffic  near  RHA  appears  to  be  a  significant  source  of 
particulates  on  RMA-  Dried  basins  and  other  open  areas  at  RMA  that  are 
susceptible  to  wind  erosion  are  a  suspected  source  of  airborne  particulates 
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on  RMA.  Current  TSP  and  PM-10  levels  are  well  within  Federal  and  State 
guidelines • 

Since  facility  operations  have  ceased  and  no  longer  emit  combustion-related 
pollutants  such  as  nitrogen  oxides,  CO,  sulfur  dioxide,  and  ozone  Into  the 
air,  RMA  operations  are  not  a  suspected  source  of  these  pollutants. 

Although  no  recent  data  on  these  pollutant  have  been  collected  on  or 
Immediately  near  RMA,  the  combustion-related  pollutants  most  likely 
originate  from  offpost  sources  such  as  vehicular  traffic.  For  the 
combustion-related  criteria  pollutants,  there  are  no  current  onsite  data- 
However,  for  the  Denver-metro  area,  the  standards  are  routinely  exceeded  for 
CO  and  ozone.  Nitrogen  and  sulfur  dioxide  standards  have  not  been  violated 
In  the  recent  past  In  the  Denver-metro  area. 

The  sources  of  toxic  airborne  contamination  at  RMA  appear  to  be  from  known 
fugitive  sources  emitting  dust  and  vapors,  such  as  basins  and  surface 
Impoundments.  In  general,  Basin  F  appears  to  be  emitting  the  majority  of 
VOCs  and  SVOCs  at  RMA,  and  Basin  A  Is  a  source  for  airborne  metals 
contamination.  The  types  and  concentration  of  contaminants  found  in  this 
investigation  are  consistent  with  the  results  of  past  Investigations.  The 
significance  of  these  findings  will  be  determined  In  the  ongoing  EA. 

5.6.2  CURRENT  AND  FUTURE  INVESTIGATIONS 

During  the  CMP  and  IRAs,  air  quality  parameters  are  being  evaluated.  The 
CMP  Includes  a  program  similar  to  the  one  described  In  this  report.  Both 
event  and  routine  sampling  are  being  conducted.  The  event  sampling  Is  for 
VOCs,  SVOCs,  and  metals.  The  routine  sampling  Is  for  TSP,  PM-10,  CO,  and 
nitrogen  oxides.  Ozone  and  sulfur  dioxide  are  being  considered  as 
additional  parameters  to  be  monitored  In  the  future. 

The  IRAs  also  Involve  air  monitoring  for  evaluation  of  airborne  emissions 
resulting  from  remedial  actions.  These  programs  are  specific  to  the 
location  of  the  IRA  and  to  the  contaminant  source. 

If,  during  either  the  CMP  or  IRA  sampling  and  analyses  programs,  the  data 
Indicates  conditions  different  from  those  characterized  during  the  Air  RI 
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Study,  the  Air  RI  will  be  re-opened  for  further  evaluations-  Specifically, 
If  additional  compounds  of  significance  are  Identified  or  If  elevated 
concentrations  are  realized,  additional  studies  may  be  conducted  and 
Incorporated  Into  this  Air  RI  report- 
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AQ 

COH-AFCD 

CFI 

DAS 

EPA 

Op 

f /cc 

ft 

GB 

GC/MS 

Hyman 

mph 

urn 

ug/1 

ug/m^ 

MOA 

HRI 

NAAQS 

NBCS 

NCC 

NIOSH 

OSHA 

PCM 

PID 


6.0  LIST  OF  ACSORTMS  AMD  ABBKEFIATIOHS 

asbeptos  containing  material 

Air  Quality  Station 

Colorado  Department  of  Health  -  Air 
Pollution  Control  Division 

Colorado  Fuel  and  Iron  Corporation 

data  acquisition  system 

U.S>  Environmental  Protection  Agency 

degrees  Fahrenheit 

fibers  per  cubic  centimeter 

feet 

Sarin  nerve  agent 

gas  chromatography /mass  spectrometry 

Julius  Hyman  and  Company 

miles  per  hour 

micron  or  micrometer 

micrograms / 1 Iter 

micrograms  per  cubic  meter 

Memorandum  of  Agreement 

Midwest  Research  Institute 

National  Ambient  Air  Quality  Standards 

North  Boundary  Containment  System 

National  Climatic  Center 

National  Institute  of  Occupational  Safety  and  Health 
Occupational  Safety  and  Health  Administration 
phase  contrast  microscopy 
Photolonlzatlon  Detector 
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PMO 

PM-10 

ppm 

QA 

QC 

RCI 

RIC 

RI/FS 

RMA 

Shell 

SIA 

Spalne 

SVOC 

TCDHD 

TEM 

TSP 

TWA 

USAEHA 

USAMBRDL 

USATHAMA 

USDHEW 

VOC 

WES 


Program  Manager's  Office 

particulate  matter  less  than  10  microns 

parts  per  million 

Quality  Assurance 

Quality  Control 

Resource  Consultants*  Inc> 

Rocky  Mountain  Arsenal  Resource  Information  Center 

Remedial  Investigation/Feasibility  Study 

Rocky  Mountain  Arsenal 

Shell  Chemical  Company 

Stapleton  International  Airport 

Spaine  el  al- *  198A 

semivolatile  organic  compound 

Tri-County  District  Health  Department 

transmission  electron  microscopy 

total  suspended  particulates 

time-weighted  average 

U>S>  Army  Environmental  Hygiene  Agency 

U'S.  Army  Medical  and  Bioengineering  Research  and 
Development  Laboratory 

U-S>  Army  Toxic  and  Hazardous  Materials  Agency 
U-S<  Department  of  Health,  Education,  and  Welfare 
volatile  organic  compound 
U>S-  Army  Waterways  Experiment  Station 


WWII 


World  War  II 


Oe/05/88 


7.0  BIBLIOCXAPHT 

RIC#81324R09 

Asselini  H-  and  H.  Hlldebrandt.  1978.  Basin  F  Disposal  Evaluation. 

Rocky  Mountain  Arsenal i  Denver t  Colorado- 

RIC#853A6R01 

Colorado  Department  of  Health  (CDH).  1984.  Colorado  Air  Quality  Data 

Report.  Air  Pollution  Control  Division,  Denver,  Colorado. 

Colorado  Department  of  Health  (CDH).  1985.  Colorado  Air  Quality  Data 
Report.  Air  Pollution  Control  Division,  Denver,  Colorado- 

Colorado  Department  of  Health  (CDH).  1987.  Colorado  Air  (Quality  Data 
Report  for  1986-  Air  Pollution  Control  Division,  Denver, 

Colorado  * 

RIC#85213R03 

Computer  Sciences  Corporation,  Rocky  Mountain  Arsenal  Contamination 
Source  Control  Study  Team  (CSC).  1980.  Conference  Report, 

December  9-10,  1980.  NSTL  Station,  Mississippi. 

Engineering  Laboratory.  1980-  Environmental  Division  Contamination 
Migration  Branch-  Rocky  Mountain  Arsenal.  Air  Sampling  in 
November  1980. 

Environmental  Science  and  Engineering,  Inc-  (ESE).  1987.  Rocky 
Mountain  Arsenal.  Final  Technical  Plan.  Task  18  (Air 
Monitoring).  Prepare  for  Office  of  the  Program  Manager,  Rocky 
Mountain  Arsenal. 

Hanson,  R.L.  1981-  Ambient  Air  (Quality  Assessment.  Rocky  Mountain 
Arsenal,  Denver,  Colorado-  Mo-  43-21-0170-81. 

Hartman,  B-  February  1979.  Evaluation  of  Atmospheric  Concentrations 
of  NDMA  at  Rocky  Mountain  Arsenal-  Microfilm  RMA094,  Frames  0605- 
0610. 

RIC#83235R02 

Melito,  J.  and  W.  Moloney.  1978.  Project  Eagle  Phase  II  Demilitarization 
and  Disposal  of  the  M34  Cluster  at  the  Rocky  Mountain  Arsenal-  Final 
Report . 

RIC#82350R01 

Meyers,  T.  and  D-  Thompson.  May  1982-  Basin  F  Overburden  and  Soil 
Sampling  and  Analysis  Study,  Rocky  Mountain  Arsenal-  Waterways 
Experiment  Station.  U-S-  Army  Corps  of  Engineers- 

Moss,  E-  July  1969.  Survey  on  Air  Pollution  Abatement.  Microfilm 
RMA060,  Frames  0436-0438. 


7-1 


C-RMA-18D/FINRPT .70.2 
08/05/88 


Rocky  Mountain  Arsenal-  August  1978-  Basin  A  Dust  Sample-  Microfilm 
RMA019,  Frame  1760- 

Rocky  Mountain  Arsenal-  January  1981-  Alrbourne  Contaminants  Study - 
Microfilm  RAA012,  Frames  0055-0057- 


Ruffneri  J-A-  1985-  Climates  of  the  States-  Third  Edition-  Gale 
Research  Company-  pp-  139-164- 


RICe85184R02 

U-S-  Army  Environmental  Hygiene  Agency  (USAEHA)-  1969-  Atmospheric 
Background  Study  No-  21-005-70- 

RIC#85184R02 

U-S-  Army  Environmental  Hygiene  Agency  (USAEHA)-  May  1970-  Air 

Pollution  Engineering  Atmospheric  Background  Study-  RMA  No-  21- 
005-70- 


RIC#81293R0A 

U-S-  Army  Environmental  Hygiene  Agency  (USAEHA)-  June  1980a-  Ambient 
Air  Quality  Assessment-  RMA  Ho-  43-21-0170-81- 


RIC#85247R07 

U-S-  Army  Environmental  Hygiene  Agency  (USAEHA)-  June  1980b-  N- 

Nltrosodlmethylamlnei  Hydrazine >  and  1 . 1-Dlmethylhydrazlne  Exposures  at 
the  Hydrazine  Blending  Faclllty- 

RIC#81293R04 

U-S-  Array  Envlronraental  Hygiene  Agency  (USAEHA)-  June  1981-  Ambient 
Air  Quality  Assessment-  RMA  No-  43-21-0170-81- 


RIC#83192R02 

U-S-  Army  Environmental  Hygiene  Agency  (USAEHA)-  1982-  Evaluation  of 
Organic  Vapor  Emissions i  Basin  Fi  Rocky  Mountain  Arsenal i  Commerce 
Cltyt  Colorado-  Part  II-  Field  Study  Results  and  Health  Risk 
Assessment  I  June  -  August  1982-  Final  Report - 

U-S-  Department  of  the  Army  (U-S-  Army)-  1981-  Air  Sampling  In 
January  1981-  Environmental  Division  Contamination  Migration 
Branch-  Rocky  Mountain  Arsenal i  Commerce  Clty>  Colorado- 

U-S-  Environmental  Protection  Agency  (EPA)-  1985-  Guidelines  on 
Remedial  Investigations  Under  CERCLA-  40  CFR.  Part  50- 

Wltt,  M-E-  August  30>  1978-  Memorandum  for  Record>  Basin  A  Dust 
Sample-  Microfilm  RMA019>  Frame  1760  FL- 


7-2 


